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From  page  165  tbe  pages  are  nambered  100  too  high. 
Pbge     111 — ^lioe  39,  for  "salpharic  acid*'  reacf  "nitro-sulpharic  acid.*' 
113— line  33,  for  ''is  settled'^  read  "becomes  establisbed.** 

— line  34,  after  "that"  introduce  •'means." 
113— line  7,  for  "pile"  read  "pair/' 

—line  9,  for  ''beneath"  read  "dissolved." 

— line  35,  for  "often  varies"  reo^f  "varies  according  to.*' 
114— line  10,  for  "discovered"  read  "exposed." 

—line  13,  after  "potassa"  introduce  "in  distilled  water  in  the  pvo« 
portion  of  1  hydriodate  to  35  or  50  of  the  water.  1  now 
caused  the  current  of  a  single  pair  to  traverse  two  portions  of 
the  solution." 

—line  19,  for  "minutes"  read  "seconds." 

— 4ine  30,  for  "foam"  read  "stratum." 
116 — ^line  14,  for  "any"  read  "one.^ 

—line  31,  dele  "it"  and  "often." 

—line  33,  for  "time"  read  "length." 

—line  33,  for  "settling  of  the  liquid"  read  "liquid  stratum." 

— 4ine  40,  for  "calculated"  read  "transmitted." 
117— line  30,  for  "proper"  read  "due"  and  for  "of  the"  read  "to." 

—line  31,  for  "of  metals"  read 'Ho  the  metals.'* 
118— line  16,  for  "thread"  r««rf"wire." 

—line  17,  for  "equal"  read  "constant." 

—line  31,  for  "the  principal"  read  "a"  and  dele  "used  in  cases. 

—line  35,  for  "this"  re«rf"such." 
119 — line  16,  for  "action"  read  "process.' 
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I.  On  the  effects  of  the  iron  used  in  constructing 
ships  (especially  of  that  in  iron  steam  vessels  J  upon  the 
mariner* s  compass.     By  C.  F.  Walker,  Esq. 

.   Read  before  the  London  Electrical  Society,  June  1^  1838. 

1 .  Being  well  aware  that  the  great  inducement  to  cultivate 
the  kindred  sciences  of  Electricity  and  Magnetism  is  the  hope 
of  rendering  them  practically  useful  to  mankind,  I  have 
collated  some  observations  on  the  influence  exerted  on  the 
magnetic  needle  by  the  combined  action  of  the  metal,  dis- 
persed in  various  parts  of  ships.  I  have  been  led  to  this  from 
hearing  of  the  great  amount  of  disturbing  force  produced  from 
the  metal  of  an  iron  steam  ship ;  and  in  the  hope,  that,  &om 
the  pen  of  some  of  our  talented  members,  we  may  receive 
some  suggestions  as  to  the  best  methods  either  of  counter- 
acting it,  or  of  allowing  for  it. 

2.  I  have  been  given  to  understand  that  a  vessel  of  this 
kind  is  hailed  as  a  great  triumph  in  the  era  of  ship-building ; 
and  that  such  ships  would  come  into  very  general  use,  were 
it  not  for  the  effects  on  the  needle.  And,  unless  some  simple 
plan  be  suggested  to  obviate  these  difficulties,  I  see  not  how 
we  can  derive  any  further  service  from  them  than  as  mere 
river  boats. 

3.  In  a  nation  like  England,  where  commerce  is  the  very 
nerve  and  sinews  of  her  existence,  our  best  energies  are  called 
for  to  facilitate  her  means  of  carrying  it  on ;  and  though  we 
are  not  expected  to  decide  as  to  the  relative  merit  of  this  or 
that  mode  of  ship-building ;  yet,  as  the  Electrical  Society  of 
the  first  commercial  city  in  the  world,  we  are  bound  each  to 
contribute  his  mite  toward  rendering  available  any  mode  which 
they  (who  are  skilled  in  these  matters)  may  suggest. 
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4.  The  effect  of  the  ship's  iron  on  the  needle  had  long- 
been  the  hidden  cause  of  many  disastroos  shipwrecks,  which 
were  at  one  time  attributed  to  some  strong  current;  at  another 
time  to  the  mistaking  of  one  headland  for  another ;  or,  in 
&ct,  to  any  of  those  common-place  causes  so  readily  framed 
to  account  for  an  accident  after  it  has  happened.  And  even 
when  the  attention  of  nautical  men  was  led,  or,  I  may  say, 
forced,  to  acknowledge  that  something  affected  the  needle, 
yet  the  true  cause  long  remained  concealed.  Yes !  And 
though  some  strange  anomalies  had  occurred  to  Mr.  Wales 
with  regard  to  the  direction  of  the  needle,  when  either  its 
position  or  the  ship's  course  was  altered,  yet  neither  he  nor 
the  investigating  Capt.  Cook  (with  whom  he  sailed  as  astro- 
nomer) succeeded  in  detecting  the  cause. 

5.  We  first  find  light  thrown  on  this  subject  about  the 
year  1790,  when  Mr.  Dbwnie,  master  of  H.  M.  S.  Glory, 
reports  thus:  ^^  I  am  convinced  that  the  quantity  and  vicinity 
oi  iron  in  most  ships  bave  an  effect  in  attracting  the  needle; 
for  it  is  found  by  experience  that  the  needle  will  not  always 
point  in  the  same  direction,  when  placed  in  different  parts  of 
the  ship.  Also,  it  is  rarely  founa  that  two  ships  steering  in 
the  same  course  by  their  respective  compasses  will  go  exactly 
parallel  to  each  other.* 

6.  But  we  are  indebted  to  Capt  Flinders,  in  1801  and 
1802,  of  H.  M.  S.' Investigator,  for  having  pursued  the  en- 
quiry, and  established  this  general  truth,  that,  **  when  the 
ship's  head  was  on  the  east  side  of  the  meridian,  the  differ- 
Mces  were  mostly  one  way ;  and  when  on  the  west  side  they 
were  the  contrary:  whence  he  judged  that  the  iron  of  the 
ship  had  an  attraction  on  the  needle  and  drew  it  forward. 

But  there  was  this  remarkable  distinction:  in  the  northern 
hemisphere,  it  was  the  north  end  of  the  needle  which  was 
attracted ;  and  in  the  southern  hemisphere,  it  was  the  south 

end."t 

7.  This  will  be  better  understood  by  referring  to  the 
diagrams. 

Fig.  1  Plate  I.  represents  a  vessel  in  the  northern 
hemisphere,  sailing  eastward,  with  the  north  pole  of  its 
needle,  N  S,  deflected  eastward,  or  toward  the  bead.  Fig. 
2  is  the  same  pursuing  a  westward  course,  having  the  north 

♦  Copied  from  the  work  on  Magnetism  of  the  Society  for  the 
diffusion  of  Useful  Knowledge  ( §  245) ;  there  quoted  from 
Walker's  Treatise  on  Magnetism. 

+  Copied  from  Bain's  jBssay  on  the  Variation  of  the  Compass, 
(p.  65,  66.) 
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pole  of  its  needle^  N  S,  deflected  west,  or  towaid  the  head, 
as  before. 

Figs.  3  and  4  represent  vessels  in  the  southern  herni* 
sphere  where  the  north  end  of  the  needle  deflects  toward  the 
head  of  the  vessel.  In  all,  the  lines,  x  y,  represent  the 
magnetic  meridian.  The  line,  W  £,  is  the  magnetic  equa* 
tor.  I  would  here  observe,  that,  wherever  these  w<»ds  meri* 
dian  and  equator  occur,  they  are,  in  the  present  paper,  used 
in  reference  to  the  magnetic  meridian  and  equator. 

8.  It  is  unnecessary  to  relate  the  many  observations  mt% 
made  tending  to  confirm  this.  They  will  be  found  abun* 
dantly  in  Bain's  Essay,  above  alluded  to/  and  in  Barlow's 
work  on  Magnetic  attractions. 

9.  The  cause  of  these  deviations  will  be  readily  manifest 
to  all  who  are  acquainted  with  the  laws  of  magnetic  action. 
For  example. — ^Conceive  a  vessel  to  be  pursuing  an  eastcn-ly 
course  on  the  north  side  of  the  equate^:,  as  Fie.  1,  it  is 
required  from  the  known  laws  of  magnetic  action  to  d^rmine 
the  effect  of  the  iron  it  contains  on  the  compass. 

10.  It  is  well  knowti  that  if  a  bar  of  soft  iron  be  held  in 
the  direction  of  the  dipping  he^e  (which  direction  at 
London  makes  an  angle  of  about  70*  with  the  horizon,  as  iti 
Fig.  5),  the  inductive  influence  of  the  earth  will  convert  it 
into  a  temporary  magnet:  and,  if  the  experiment  be  per- 
formed in  our  hemisj^ere,  namely,  north  of  the  equato:,  the 
upper  end  of  the  bar  wiH  be  a  south  pole,  and  the  l6wer  a 
north.     The  theory  of  this  is  as  follows.— 

11.  Since  opposite  poles  attract,  the  end  of  oicr<  needle 
which  is  directed  towards  the  north  must  be  drawn  thither 
by  a  force  corresponding  to  it  south  pole;  which  south  pole, 
therefore,  will  produce  north  polarity  at  N.  (Fig.  5)  the 
lower  end  of  the  bar,  and  south  polarity  at  S,  the  upper  end. 
Nor  is  it  requisite  that  the  bar  should  be  of  a  tegular  form : 
the  same  effects  will  be  produced  on  any  piece  of  irbn,  to  a 
greater  or  less  extent,  according  to  its  shape,  size,  and  situa* 
tion :  and  hence  every  distinct  piece  of  iron  in  the  ship  be- 
comes a  magnet,  with  its  north  pole  upwards. 

12.  But,  since  the  binnacle  is  placed  very  far  aft,  it  fol- 
lows that  almost  the  whole  of  these  temporary  magnets  are 
between  it  and  the  head  of  the  vessel,  and  as  they  have  each 
their  north  pole  upwards,  the  united  force  of  all  inevitably 
tends  to  draw  the  north  end  of  the  needle  toward  the  head, 
as  is  shown  in  Figs.  1  and  2.  If  we  make  our  observations 
in  the  southern  hemisphere,  the  reverse  is  the  case,  as  is  seen 
in  figures  3  and  4. 

2B 
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13.  But,  when  we  attempt  to  decide  on  the  degree  of 
deviation  thus  produced,  theory  fails ;  because  it  cannot  pos- 
sibly obtain  the  requisite  data. 

The  bolts,  water-tanks,  gun3,  shot,  stores,  and  engines, 
all  aiccording  to  their  size,  positions,  and  distances  (apd,  I 
may  add,  hardness  or  softness  of  their  metals),  must  be  taken 
into  any  mathematical  calculation:  and  even  were  it  possible 
to  do  this,  the  conclusions  would  but  be  correct  for  smooth 
water.  For  every  time  the  ship  pitched  or  rolled,  the  power 
of  the  centre  of  attraction  would  change ;  because,  as  above 
stated,  the  magnetic  condition  of  iron  depends  on  its  position, 
as  well  as  on  its  size  and  distance  from  the  needle.  Each 
time,  therefore,  it  changed  its  position,  with  respect  to  the 
direction  of  the  dipping  needle,  it  would  alter  in  its  magnetic 
condition. 

14.  This  may  be  easily  illustrated  by  placing  the  upper 
end  of  a  piece  of  soft  iron  within  some  certain  distance  from 
a  compass  needle  and  then  changing  its  position  (without 
altering  the  distance  of  the  upper  end),  till  it  coincides  with 
the  dip ;  it  will  be  observed  that  as  it  approaches  that  coin- 
cidence, the  deviation  will  increase,  and  as  it  recedes  it  will 
decrease.  This  irregularity,  therefore,  we  cannot  expect  to 
obviate. 

15.  But,  passing  on,  another  difficulty  occurs.  Captain 
Flinders  observed  that  the  variation  differs  in  different 
latitudes,  that  the  quantities  were  greater  in  high  and  less^in 
lowlatitudes,as  we  may  observe  from  the  annexed  extract  from 
observations  made  by  him  on  board  H.  M..  S.,  Investigator. 


- 

. 

TABLE  I. 

LatS. 

Long  W. 

Ship's  Head,  E.  b.  N. 

Variation  W. 

34*  16' 

137-  16' 

ce                      a 

0*  10' 

32    40 

125    20 

ce                      cc 

7    25 

32      7 

128      1 

CC                                <( 

6      4 

32    15 

132    39 

ic                       cc 

2    49* 

16.  He  observes  that  the  quantity  of  variation  did  not 
increase  and  diminish  in  proportion  to  the  latitude ;  but  soon 
found  that  the  errors  had  a  close  connexion  with  the  dip  of 
the  needle ;  and  that  the  connexion  between  them  was  so 
far  certain  as  to  make  the  dip  our  datum  iii  redu<5ing  the 
observed  to  the  true  variation.     (Bain's  Essay,  p.  114.) 

17.  But,  as  Mr.  Barlow  observes  in  his  preface,  "  this 
datum  is  not  easily  obtained ;  for  every  one  who  is  acquainted 


*  Copied  from  Bain's  Essay,  page  67. 
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with  the  nature  of  the  dipping  needle  most  be  well  aware^ 
that  it  is  much  too  delicate  ever  to  become  an  efficacious 
sea  instrument."*  So  that^  unless  we  are  able  to  solve  the 
problem  of  latitude  and  longitude  being  given  to  find  the  dip, 
an  ingenious  rule,  which  -Captain  Flinders  based  on  the  being 
able  to  obtain  this  datum,  is  not  available.  This  induced 
Mr.  Barlow  to  perform  a  tedious  series  of  experiments  in 
order  to  determine  the  effects  of  iron,  at  different  distances, 
and  in  different  positions. 

18.  Having  prepared  a  strong  table,  he  divided  its  plain 
accurately  into  equal  parts,  by  lines  from  the  centre  to  the 
circumference.  A  hole  was  then  cut  in  the  centre,  over 
which  was  suspended  an  iron  ball  weighing  288  pounds.  By 
means  of  pulleys  he  could  raise  or  lower  this  as  he  pleasecL 
Placing  it  now  at  one  elevation,  now  at  another;  and  observing, 
at  each  position,  its  effects  on  the  needle  placed  on  each  of 
the  radii  drawn  on  the  table,  he  arrives  at  the  following 
conclusions. 

19.  If  the  position  of  the  dipping  needle  represent  the 
axis  of  the  ball,  a  plane  perpendicular  to  this  axis,  passing 
through  its  centre,  would  be  a  circle  of  no  variation :  that  is 
to  say,  if  the  centre  of  a  needle  coincided  with  this  plane,  no 
variation  would  be  found  to  take  place.  The  plane,  at  right 
angles  to  this,  is  also  a  plane  of  no  variation.  The  amount 
of  variation  depends  on  the  latitude  and  longitude  of  the 
needle  with  respect  to  these  planes ;  the  former  of  which 
represents  the  equator  of  the  ball ;  the  latter  its  first  meridian. 

20.  To  apply  this  to  irregular  masses  of  iron,  he  was 
induced  to  perform  a  similar  series  of  experiments,  wherein 
he  substituted,  for  the  ball  above  mentioned,  a  twenty-four 
pounder  cannon,  weighing  58  hundred  weight;  and  was  greatly 
gratified  to  find,  as  he  had  anticipated,  that  the  plane  of  no 
attraction  exists  in  the  most  irregular  masses;  and,  therefore, 
exists  in  ships  which  contain  many  of  these  masses. 

21 .  It  then  occurred  to  him,  that,  if  a  large  mass  of  metal, 
A,  fig.  6,  at  distance  A  B,  produced  a  certain  deviation,  a 
smaHer  mass,  C,  at  distance  C  B,  would  produce  the  same ; 
and  thatif  C  were  in  the  line  which  joined  A  and  B,  the  tangents 
of  B's  (the  needless)  deviation  would  be  doubled.  But,  as  the 
tangents  oi  small  arc£f  are  nearly  equal  to  the  arcs  themselves, 
we  shall  not  be  far  from  the  truth  if  we  consider  the  arcs 
themselves  as  being  doubled. 

'22.     The  impossibility  of  discovering  by  calculation  the 
place  of  A,  that  is,  the  direction  of  the  resultant  line  produce^ 

*  Preface  to  Barlow^s  Essay,  p.  6, 
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from  the  composition  of  all  those  forces  emanating  from  each 
piece  of  iron  in  the  vessel,  will  be  at  once  perceived,  from 
what  has  been  mentioned  above  (§  13).  It  was,  therefore, 
requisite  to  warp  the  vessel  round  to  each  point  of  the  compass, 
and  to  observe  what  effect  the  ship's  iron  had  on  the  needle 
in  the  different  positions ;  upon  the  same  principle  as  that 
which  regulated  the  experiments  on  the  iron  ball  and  on  the 
gun;  and  so  to  determine  the  planes  of  no  variation,  and 
hence  the  direction  of  the  required  resultant  line.  A,  B.  Hav* 
ing  found  this,  it  was  next  requisite  to  determine  on  shore 
(by  repeated  trials)  at  what  distance  the  smaller  mass,  C. 
should  be  placed,  in  order  to  produce  the  same  amount  of 
deviation  as  was  produced  by  the  iron  in  the  vessel.  And 
having  obtained  this,  the  mass  C  was  to  be  placed  in  the  line 
A  B,  at  the  determined  distance  B  C,  •  and  adjusted  so  that 
the  line  might  pass  through  the  pivot  of  the  needle  and  the 
centres  of  attraction  of  both  A  and  C.  It  was  then  removed 
and  only  used  to  correct  observations,  as  follows : — 

23.  Let  the  compass  indicate  that  the  vessel's  head  is  5* 
N.  of  E.;  then  place  C  in  the  line  of  direction,  at  the 
previously  determined  distance ;  and,,  if  the  compass  should 
declare  the  vessel's  head  to  be  8'  N.  of  E.,  the  additional  3* 
in  the  amount  will  be  due  to  C.  But,  since  C  has  the  same 
effect  as  A,  the  deviation  produced  by  A  is  3**;  deduct  this 
from  5%  then  the  remaining  2'  N.  of  E.  is  the  ship's  true 
position.  It  will  be  right  to  remark  here,  that  Mr.  Barlow 
discovered  the  attractive  force  of  iron  to  depend  not  so 
much  on  its  mass  a»  on  its  sur£etce ;  and,  hence  he  em- 
ployed two  pieces  of  sheet  iron,  separated  by  a  thin  board,  as 
the  compensating  plate  C.  I  am  not  informed  whether  these 
suggestions  have  been  adopted  either  in  merchant  vessels  or 
in  Her  Majesty's  Navy.  They  certainly  bear  the  stamp  of 
deep  research,  and  will  ever  reflect  grieat  credit  on  their 
author,  from  the  time  and  talent  he  employed  in  their  investi- 
gation ;  especially  too  when  it  is  remembered  that  he  expected 
individually  to  reap  no  other  reward  from  his  labours  than 
the  pleasure  of  having  contributed  his  portion  toward  the  im- 
provement of  an  important  science.  We  must  also  bear  in  mind 
that  he  did  not  publish  them,  as  being  wifhoiut  objection :  he 
saw  that  difficulties  still  existed,  although  this  one  st^  was 
gained. 

24.  In  referring  again  to  fig.  6,  I  am  not  prepared  to 
say  whether  theory  warrants  us  in  concluding  that  the 
resultant  A  B  is  constant.  But,  since,  a  change  in  the 
direction  of  the  dip  effects  a  like  change  in  the  magnetic 
condition  of  each  element  producing  that  resultant,  the  ques- 
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tion  arises,  will  not  its  direction  be  in  like  manner  changed? 
Experiment  alone  can  satisfactorily  solve  this  problem. 

25.  Yet,  granting  it  to  be  constant,  it  is,  I  should  imagine, 
na  easy  matter  to  determine  the  direction  of  this  line,  and 
also  the  place  of  <  the  compensating  plate  C  ;  and,  should  an 
error  occur  in  either  or  both  of  these,  all  conclusions  would  be 
dangerously  erroneous. 

26.  I  have  thus  as  briefly  as  possible  endeavoured  to  trace 
the  progress  hitherto  made ;  and,  if  this  statement  does  but 
display  difficulties  besetting  eveiy  step,  it  is  laid  before  this 
Society  in  the  hope  of  its  meeting  with  the  attention  so  im- 
portant a  subject  deserves,  from  those  members  who  are  far 
mcHre  able  than  myself  to  solve. them. 

27.  I  have  now  to  read,  on  the  same  subject,  some  original 
observations  made  on  board  the  Rainbow,  an  iron  steam 
vessel,  the  prcqperty  of  the  General  Steam  Navigation  Company, 
which  lately  arrived  at  the  port  of  Xx>ndon  from  Liverpool. 
I  must  premise  that  the  Captain  who  navigated  it  was  not 
aware  of  the  matters  being  brought  before  this  Society,  and 
that  the  observations  are  extracted  from  his  note  book,  roughly 
entered  as  they  were  noticed.  This  will  be  a  sufficient 
apology  for  their  paucity.  The  subject  was^  in  a  like  casual 
manner,  mentioned  to  myseK;  and  it  occurred  that  these  notes, 
few  as  they  are,  and  for  wldch^  through  the  kindness  of  a 
friend,  I  amindebted  to  the  Captain,  would  not  be  uninteresting 
to  this  Society.     [See  note  1  appendix.] 

28.  It' will  be  here  .observed,  not  only  that  the  deviation 
is  very  considerable,  as  much  as  56%  but  that  it  is  the  reverse 
of  what  occurs  in  all  other  cases.  By  referring  to  figures  1 
and  2,  the  compass  deviates  toward  the  head  of  the  vessel; 
but  in  the  present  instance  it  deviates  toward  the  stem.  This 
induced  me  to  write  to  the  Captain  in  order  to  obtain  a  con- 
firmation of  his  former  notes,  and  to  propose  the  following 

Juestions  which,  with  the  answers  received,  I  will  now  read. 
See  note  2  and  3  appendix.] 

29.  It  will  be  here  observed,  that  although  8-9ths  of  the 
vessel,  (containing  the  engine  and  boiler  weighing  140  tons), 
is  in  front  of  the  binnacle,  (which  is  placed  midships),  yet  the 
needle  is  drawn  toward  the  stem  ;  and  that  even  when  the 
compass  is  elevated,  though  the  deviation  decreases  in  amount^ 
yet  the  direction  remains  the  same.  This  can  be  accounted 
for  only  on  the  supposition^  that,  as  in  the  former  cases,  (the 
cases  of  wooden  built  ships)  the  united  actions  of  many  mag* 
nets  affected  the  needle :  in  the  present^  it  is  affected  by  the 
idone  action  of  the  iron  vessel,  which  becomes  one  large 
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magnet  having  its  sterna  south  pole,  when  the  above  obser- 
vations were  made. 

30.  My  information  does  not  define  precisely  the  then 
position  of  the  ship,  so  as  to  enable  my  giving  a  diagram ; 
but  a  little  reflection  will  suggest,  that,  should  the  vessel's 
head  be  towards  the  north,  the  stem  would  be  a  south  pole, 
and  vice  vers&. 

31.  The  very  recent  date  of  building  iron  vessels,  and 
consequently  the  want  of  experiment  to  supply  sufficient  data, 
prevents  the  offering  many  suggestions  as  to  the  theory  of 
their  action.  If  we  turn  to  enquire  how  this  action  can  be 
obviated  or  counteracted,  it  is  readily  seen  that  we  are  ven- 
turing on  hitherto  untrodden  ground.  For,  though  the  com- 
pensating plate  of  Barlow  may  be  available  when  the  arc  of 
deviation  is  small,  (as  on  board  other  vessels),  yet  here,  on 
account  of  the  much  larger  one,  it  is  evidently  impracticable. 


TABT.E  II. 

. 

Ship.                    Commander.                      Place.              Local  attraotioo. 

Conway 

Capt.  Basil  Hall 

Portsmouth 

4*  32' 

Leven 

Capt.  Owen 

Northfleet 

6*     7' 

Barracouta 

Capt.  Cutfield 

u 

14-  30' 

Hecla 

Capt.  Sir  E.  Parry 

(C 

V  27' 

Fury 

Capt.  Hopner 

ii 

6*  22' 

Griper 

Capt.  Clavering 

Nore 

13*  36' 

Adventure 

Capt.  King 

Plymouth 

7*  48' 

Gloucester 

Capt.  Stuart 

Channel 

9*  30^ 

• 

%\m'  52' 

M 

enn  8*  44' 

32.  By  referring  to  the  above  table  of  deviations  in  different 
ships,  copied  from  Dr.  Roget's  work  (p.  259),  it  will  be  seen 
that  the  mean  deviation  is  about  8^\  Twice  the  tangent  to 
this  arc  is  about  equal  to  twice  the  arc  itself;  and,  therefore, 
when  bj  the  application  of  the  plate  C  (fig,  6),  the  former 
is  doubled,  but  a  small  error  is  committed  when  the  latter  is 
considered  as  doubled  also.  Buttwice  the  tangent  of  a  large 
angle  is  by  no  means  equal  to- twice  the  arc  :  and  hence  tma 
method  is  objectionable  where  the  deviation  amounts  to  so 
many  degrees  as  that  on  board  the  iron  vessel.* 


*  This  may  readily  be  seen  on  consulting  any  table  -of  tangents 
and  arcs. 


constructing  Ships  upon  the  Mariner^s  compass,        9 

33.     Barlow  has  proposed  the  following  formula  where 
grei^t  accuracy  is  required. 


l+\/l— «  tan.^a 

tan.  arzz 

4  tan.  a  ... 

where  x  is  the  angle  of  deviation  produced  by  the  ship^  and  a 
that  produced  by  the  plate. 

This  is  an  accurate  method ;  but  to  the  difficulties  above 
mentioned  of  finding  the  resultant  line  A  B^  and  the  distance 
B  C  of  the  plate  C,  is  added  the  having  to  solve  a 'mathema- 
tical formula.  How  &r,  therefore,  this  theory  is  practicably 
available  remains  to  be  proved  by  careful  experiment  on  board 
the  vessels  themselves. 

34.  In  conclusion,  I  would  offer  two  suggestions  to  the 
owners  of  those  vessels,  not  having  observed  them  in  any 
^ork  I  have  consulted  on  the  subject. 

First.    To  select  some  elevated  spot  for  a  standard  compass. 

Second.     To  steer  on  observed  (not  on  true)  coutses. 

I.  By  elevating  the  compass  only  ten  feet,  and  removing 
it  in  a  fe^vourable  direction  only  y^mr  feet,  the  attraction 
which  "was  from  4  to  5  points  is  reduced  &om  1  to  2  points. 
Could  not  some  place  be  selected  at  more  than  ten  feet  from 
the  deck,  and  at  more  than  sixteen  feet  from  the  stern,  where 
a  compass  could  be  placed  whenever  it  was  required  to 
ascertain  the  true  magnetic  meridian?  And  could  not  the 
binnacle  compass  be  corrected  from  this  ? 

II.  The  second  suggestion  is  this.  Suppose  the  ship  be 
to  trade  between  London  and  Hambm-g.  At  any  conveiuent 
place  in  the  Thames,  warp  the  head  round  to  each  of  t^e  32 
points  in  succession,  observing  its  direction  as  shown  by  the 
binnacle  compass,  whilst  a  coadjutor  on  shore  makes  the 
same  observations  from  some  conspicuous  station.  When 
this  is  done,  let  notes  be  compared,  and  a  table  drawn  out  of 
the  angle  of  deviation  in  each  of  the  32  positions.  Again, 
since  the  difference  of  latitude  and  longitude  between  London 
and  Hamburg  causes  a  difference  in  the  dip,  let  a  similar 
table  be  prepared  when  the  ship  is  there,  and  perhaps  at  one 
or  more  intermediate  places,  at  the  discretion  of  the  practised 
navigator.  Let  the  vessel  be  steered  on  these  observed  courses 
in  the  following  manner. 

Annexed  is  a  table  of  errors  in  the  Isabella's  compass  at 
Shetland,  observed  by  Captain  Sabine,  which  may  conve- 
nieatly  represent  a  table  obtained  as  above,-  (in  fact  it  is 
obtained  as  above). 
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TABLE  III. 


Direction  of  lUp'i  head. 

North. 
N.  by  E. 
N.  N.  E. 
N.  E.  by  N. 
N.  E. 

N.  E.  by  E, 
E.  N.  E. 
KbyN. 
East. 
E.  by  S. 
E.  S.  E. 
S.  E.  by  E. 
S.  E. 

S.  E.  by  S. 
S.  S.  Ei. 
S.byE, 
South. 


Deviations. 

+  1*  26' 


+  0 

—  0 

—  1 

—  2 

—  3 

—  3 

—  4 

—  4 

—  5 

—  5 

—  5 

—  4 

—  4 

—  3 

—  3 

—  2 


26 

19 

19 

9 

4 

34 

4 

34 

34 

34 

34 

59 

24 

34 

4 

4 


DiTection  of  ship's  heaa. 

North. 
N.  by  W. 
N.  N.  W. 
N.  W.  by  N. 
N.  W. 

N.'  W.  by  W. 
■  W.  N.  W. 
W.  by  N. 
West. 
W.  by  S. 

w.  s.  w. 

S.  W.  by  W. 

s.  w. 

S.  W.  by  S. 
S.  S.  W. 
S.  by  W. 
South. 


Ddvlattont. 


+   1* 

+  2 
+  3 
+  4 
+  5 
+  5 
+  5 
+  5 
4-5 
+  4 
+  3 
+  2 

+  I 
+  0 

—  0 

—  1 

—  2 


26' 

26 

26 

26 

11 

46 

46 

41 

11 

11 

.56 

56 

11 

26 

0 
34 

4 


It  is  required  to  steer  N-  E.  by  E. 

-  On  consulting  the  table,  it  is  seen  that  when  the  ship's  head 
is  in  that  direction,  the  deviation  caused  by  local  attraction 
is  3*  4',  that  is  to  say,  3*  4'  to  the  west,  at  left  side  of  the 
meridian^  If,  then,  the  ship  be  steered  3*  4'  to  the  left  of 
N.  E.  by  E.  by  the  compass,  the  desired  end  will  be  obtained. 

If  it  is  required  to  steer  east,  the  course  by  the  compass 

I  ill  be  (on  again  consulting  the  table,)  4*  34'  to  the  left  of 
hst.   If  E.  by  S.  5*  34',  to  the  left  of  that  point,  and  so  of  die 
rest. 

35.  Should  this  method  be  found  available  in  practice,  as 
in  theory,  it  carries  in  its  iavour  the  one  great  recommendation 
of  isimplicity.  It  requires  but  a  single  class  of  observations ; 
and  these,  too,  within  the  reach  of  any  practised  navigator. 
It  needs  no  mathematical  calculations.     And,  lastly,  it  dis- 

Stnses  with  the  solution  of  any  trigonometrical  formula,  often 
fficutt,  always  annoying. 

36.  In  addition,  it  is  greatly  desirable  that  the  owners  of 
such  vessels  should  instruct  their  captains  to  make  a  careftd 
register  of  any  phenomena  that  fell  within  their  sphere  of 
observation,  in  order  that  the  philosophical  enquirer  may 
have  more  copious  data  whereon  to  base  his  opinions. 

The  fruits  of  such  laboum  will,  I  am  sure,  always  be  kindly 
received  and  readily  welcomed  by  Uiis  Society.  And,  in  the 
mean  time,  should  their  avocations  or  pleasures  call  any  of 
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our  members  to  make  a  voyage  on  board  an  iron  Steam  Ship, 
it  is  to  be  hoped  that  they  will  return  laden  with  their  quota 
of  observations  to  add  to  that  mass  which  must  of  necessity 
be  accumulated  ere  the  fiill  elucidation  of  this  important 
subject  can  be  obtained. 

The  field  of  enquiry  is  in  a  manner  new  ;  the  fallow  gromid 
is  scarcely  broken  open ;  and  a  rich  harvest-^^ren  the  high 
honour  of  having  contributed  to  the  commercial  prosperity  of 
his  country — awaits  the  aaoeeasful  labourer. 
Kenninglxm  Grammar  School, 
Jtme  1, 1838. 


APPENDIX* 

Mte  1. 

With  the  ship's  head  to  the  westward,  and  with  the  com- 
pass elevated  ten  feet  above  the  deck,  there  was  from  one  to 
two  points  attraction  to  the  eastward;  and  with  the  compass 
in  the  binnacle  on  deck  there  was  from  four  to  five  points 
easterly  attraction.  With  the  ship's  head  to  the  eastward 
there  was  as  much  attraction  to  the  westward. 

JVote  2. — Questions  proposed. 

1.  About  what  distance  from  the  head  and  from  the  stem 
is  the  binnacle  placed? 

2.  Is  the  binnacle  midway  between  the  ship's  sides? 

3.  What  distance  is  the  engine  from  the  binnacle,  and 
what  is  the  weight  on  a  rough  calculation?  ^ 

4.  When  the  vessel  is  on  the  magnetic  meridian,'  or 
nearly  so,  is  the  needle  correct?    If  not  what  is  the  error  ? 

4i.  Is  the  needle  equally  affected  whether  the  vessel's 
head  be  directed  to  the  north  or  to  the  south? 

5.  How  and  where  was  the  compass  elevated  ten  feet? 

6.  What  is  the  weight  of  iron  in  the  vessel  exclusive  of 
the  machinery? 

7.  When  the  vessel  rolls,  what  is  the  effect  ? 

JVbfa  3. — Answers  to  the  Questions  proposed  through  Mr. 

Hammond. 

.  1.  The  binnacle  is  placed  about  170  feet  from  the  ship's 
head,  and  about  12  feet  from  the  stem. 

2.  The  binnacle  &  midway  between  the  ship's  sides. 

3.  The  engine  is  about  80  feet  from  the  binnacle;  the 
weight  of  the  engine  with  the  boiler  is,  on  a  rough  calculation, 
about  140  tons. 
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4.  See  Note  at  the  end  of  the  Appendix. 

5.  The  elevated  compass  was  placed  about  16  feet  from 
the  stem  of  the  ship. 

6.  The  weight  of  iron  in  the  ship  I  can  form  no  idea  of, 
the  vessel  being  built  of  iron,  except  the  beams,  decks,  Mid 
joiners'  work. 

7.  There  is  no  additional  effect  on  the  compass  when  the 
vessel  rolls. 

^  note  from  the  Captain. 
Sir, 

In  reply  to  yours  of  the  19th  iust.  I  herewith  hand  you  tl^e 
answer  to  the  former  questions.  I  am  sorry  to  inform  you 
that  I  had  no  feir  opportunity  of  proving  the  compasses  upon 
a  north  or  south  course  to  be  able  to  report  upon. 

When  the  ship's  head  was  to  the  eastward^  the  north  point 
of  the  compass  is  attracted  to  the  west  from  I  to  1^  points; 
and  with  the  ship's  head  to  the  westward,  the  north  point  of 
the  compass  is  attracted  to  eastward  from  I  to  1|  points. 

II.     On  Electro-magnetic  coil  Machines.     In  a  letter  to 
the  Editor,  from  Mr.  Uriah  Clarke. 

Leicester,  June,  1838. 
Sir, 
Persuaded  that  you  feel  an  interest  in  everything  connected 
with  the  sciences  of  electricity  and  magnetism,  and  more 
especially  with  anything  that  may  lead  to  an  explication  of 
the  phenomena  of  nature,  I  take  the  liberty  of  communicating 
to  you  (for  insertion  in  your  admirable  Annals,  or  otherwise, 
as  you  may  think  well)  an  experiment  which  I  have  made^ 
and  which  is,  I  think,  calculated  to  support  the  opinion  of 
some  recent  theorists,  that  the  earth  acquires  and  maintains 
its  polarity  by  galvanic  agency;  to  effect  this  experiment  a 
globular  battery  is  first  constructed  in  the  following  manner: 
by  passing  right  through  the  centre  of  a  hollow  copper  sphere 
of  four  or  five  inches  diameter,  a  tube  of  zinc  of  one  inch 
diameter,  in  which  tube  of  zinc  is  placed  a  bar  of  soft  iron 
having  upon  it  a  helical  coil  of  covered  copper  wire,  one  end  of 
which  wire  is  soldered  to  the  zinc  tube  and  the  other  end  to 
the  copper '  globe.  Care  must  be  taken  that  the  zinc  and 
copper  do  not  touch  each  other,  but  the  joining  must  be  made 
good  by  sealingwax  or  some  other  non-conducting  substance ; 
a  saturated  solution  of  common  salt  is  then  to  be  poured  into 
the  globe,  and  the  globe  suspended  by  means  of  an  agate  cap 
or  floated  in  a  vessel  of  water,  and  it  will  immediately  indicate 
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polarity^  arranging  itself  in  the  magnetic  meridian.  Poor  out 
the  salt  water,  and  the  effect  of  course  ceases.  If  we  may 
assume  that  there  is  any  analogy  between  the  action  of  th« 
salt  water  on  the  metals  of  this  little  globe  and  that  of  the 
waters  of  the  ocean  upon  the  metallic  strata  of  the  earthy  are 
we  not  at  once  furnished  with  a  grand  final  cause  for  the  salt- 
ness,  as  well  as  the  vastiiess,  of  the  waters  of  the  sea  ? 

I  also  subjoin  a  description  of  an  electro-magnetic  machine 
which  I  have  contrived,  and  which  I  humbly  think  possesses  an 
advantage  in  point  of  appearance  over  any  I  have  yet  seen 
or  heard  of.      The  rather  common  form  of  the  bobbin  or 
reel  ^s  usually  constructed  is  here  exchanged  for  the  classic 
elegance  of  a  pedestal,  as  seen  in  fig.  7^  plate  I.,  the  upper  part 
or  capital  of  which,  lifts  off  in  the  manner  of  a  lid  to  aidmit  the 
bundle  of  insulated  wires.     The  terminations  of  the  primary 
and  secondary  coils  pass  through  the  base  of  the  pedestal  as 
well  as  through  the  platform  on  which  it  is  mounted,  and  are 
joined  underneath  to  the  respective  pillars.  To  the  brass  studs 
I  and  2  are  fastened  the  ends  of  the  secondary  coil,  and  the 
conductors  are  attached  by  means  of  binding  screws  for  phy- 
siological purposes ;  the  terminations  of  the  primary  coil  are 
joined  to  the  pillars  3  and  4  as  shown  at  the  end  view  of  the 
machine  fig.  8.     Where  the  battery  communication  is  made^ 
the  break  is  effected  by  means  of  a  brass  pulley,  having  in  it 
wood  pegs,  the  contrivance  of  Mr.  Nesbit,and  which  answers 
extremely  well  with  the  occasional  use  of  a  bit  of  sand  paper, 
though  I  find  a  similar  puUey  of  steel  having  in  it  two  grooves, 
one  milled^and  the  other  plain,  to  answer,  I  think,  as  well. 
The  quantity  of  wire  upon  my  coils  is  40  yards  of  one  sixteenth 
of  an  inch  thick  for  the  primary,  and  about  300  yards  of  very 
thin  for  the  secondary  coil,  and  when  charged  by  a  small 
sustaining  battery  completely  fastens  the. hands  to  the. con- 
ductors. 

I  am,  Sir, 

Very  respectfully  yours, 

URIAH  Clarke: 


III.  On  the  Amalgamation  of  potassium  by  Voltaic 
Action.  In  a  letter  to  the  Editor ,  from  T.  Mason,  Jun. 
Esq. 

Sir, 
'   A  few  weeks  ago  I  was  induced  to  try  the  experiment  ^f 
making  an  amalgam  of  mercury  and  potassium  with  a  small 
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galvanic  battery  of  twelve  pairs,  and  having  succeeded  far 
beyond  my  anticipation^  I  send  an  account  of  the  means 
employed.  As  it  forms  a  beautiful  and  striking  experiment, 
many  of  the  readers  of  your  valuable  journal  may  be  induced 
to  repeat  it.  *  , 

To  the  zinc  end  of  the  battery  I  attached  a  platinum  pole, 
which  I  connected  with  one  ounce  of  mercury  in  a  watch 
glass;  to  the  copper,  a  wire  with  a  piece  of  charcoal.  I  then 
put  some  hydrate  of  potash  in  small  pieces  on  the  mercury, 
and  placed  the  charcoal  on  each  piece  till  it  was  decomposed. 
In  about  ten  minutes  I  poured  the  amalgam,  into  an  evaporat- 
ing dish,  and  it  became  solid  as  soon  as  cold.  It  is  hard 
enough  to  be  handled  and  retains  its  shape  in  water  for  a 
considerable  time,  decomposing  it  and  giving  out  hyckogen, 
which  continues  for  more  than  an  hour.  The  battery  is  com* 
posed  of  twelve  half  pint  pots.  A  circular  copper  is  fitted 
to  the  interior,  to  which  is  attached  a  mercury  cup.  The 
zinc  is  folded  in  a  circular  piece  of  brown  paper,  and  placed 
in  the  centre^  the  wire  dipping  into  the  mercury  cup  of  the 
next  copper.  The  action  of  the  battery  when  brown  paper 
is  used,  instead  of  bladder,  I  find  nearly  doubled  The  jar  is 
about  half  filled  with  a  solution  of  sulphate  of  copperi  and  t^e 
zinc  when  put  in  its  place  filled  with  a  strong  solution  of  salt" 
and  water.  Onb  of  the  jars  and  its  metals  are  shown  in  fig. 
19,  plate  II. 

After  several  hours'  action  no  copper  can  be  discovered  in 
the  solution  of  salt;  One  great  convenience  of  this  form  of 
battery  is  the  facility  with  which  the  zincs  can  be  cleaned. 

I  remain, 
Yours  very  respectfiilly,  * 

70,  High  Holhorri^  T.  MASON,  Jun. 

June  16,  1838. 


IV.     On  an   Electro-magnetic  Engine.     In  a  Letter  to 
the  Editor y  from  the  Rev.  F.  Lockby. 

Sir, 
In  consequence  of  the  invitation  on  the  cover  of  your  last 
number,  that  individuals  who  have  interested  themselves  in 
the  construction  of  electro-magnetic  machines  should  transmit 
for  insertion  in  your  interesting  and  useful  "Annals,"  an 
account  of  their  labours,  at  least  so  far  as  they  develop  any 
originality  of  arrangement,  I  am  induced,  though  perhaps 
somewhat  prematurely,  to  make  my  present  communication. 
I  say  '^perhaps  prematurely"  because  my  apparatus,  though 
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commenced  in  December  last^  still  remdius  incomplete;  a 
variety  of  causes,  professional  and  domestic,  having  combined 
to  interrupt  my  progress  in  constructing  it.  Of  the  actual 
power  of  my  arraqgement  I  can  therefore  as  yet  say  .nothing. 

Desiring  to  be  brief  I  shall  not  trouble  you  with  the  merely 
mechanical  details  of  my  machine,  but  chiefly  state  that  which 
(so  far  as  I  am  aware)  is  peculiar  to  it.  I  have  arranged  the 
wire  covered  iron  bars  somewhat  after  the  manner  of  a  cheval 
de  frise.  The  accompanying  sketchy  fig.  9,  plate  I.  will  probably 
convey  my  idea  intelligibly. 

Had  1  used  horse-shoe  bars,  both  for  the  fixed  and  move- 
able sets  of  magnets,  advantage  would  have  been  gained  in 
the  machine  occupying  rather  less  space ;  but  as  the  difficulty 
of  covering  such  bars  with  wire  is  greater,  and  as  this  machine 
is  designed  merely  to  test  the  above  peculiarity  of  arrange- 
ment (which  we  may  call  the  compound  radii  )  I  determined 
to  use  straight  baxs.  The  horse-shoe  form  would  also  have 
brought  the  who^e  excited  power  into  action,  whereas,  now, 
the  magnetism  of  one  ^nd  of  each  bar,  moveable  as  well  as 
fixed,  is  inoperative.  It  might  also  be  advantageous  to  make 
the  outer  portion  of  the  arrangement  moveable  instead  of  the 
interior,  as  in  my  apparatus.  The  size  of  my  model  is  a 
diameter  of  20  inches,  the  central  moveable  wheel  or  barrel 
bearing  the  compound  radii  12  inches,  the  bars  4  inches  long. 

I  have  adopted  only  eight  radii.  Only  three  of  the  outer 
and  fixed  sets  of  bars  are  shown  in  the  accompanying  figure, 
in  order  to  avoid  confusion;  the  {daces  of  the  remainder  are  indi- 
cated by  the  dotted  outlines.  They  are  set  with  the  extremest 
regard  to  precision  and  symmetry ;  the  polarity  of  each  set  of 
bars  in  the  barrel  being  reversed  at  the  moment  of  its  coming 
into  parallelism  with  the  outer  and  fixed  bars.  Sixteen  com- 
pound radii  would  promise  more  efiectual  action.  Having  but 
eight,  the  working  poles  are  now  about  4  inches  apart.  Half 
that  distance  would  be  far  more  effective,  since  the  attractive 
and  repulsive  power  of  magnetism  decreases  in  so  large  a  ratio 
to  the  increase  of  distance  between  the  magnetized  surfaces. 
In  all  the  plans  I  have  hitherto  seen  proposed,  it  has  been 
necessary  to  construct  a  commutator  competent  to  reverse  the 
polarity  of  the  revolving  bars  as  many  times  in  every  revolu- 
tion, as  there  have  been  bars  (revolving)  used.  In  this  plan, 
though  the  number  of  reversals  must  equal  the  number  of 
radii,  yet  the  radii  themselves  being  compounded  of  a  number 
of  bars  (they  need  not  of  course  be  confined  to  the  small 
number  six  as  in  the  fig.),  the  power  of  the  machine  will  (we 
may  reasonably  expect)  be  proportionally  increased,  whilst  all 
complexity  in  the  commutator  is  avoided. 
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The  commutator  I  have  adopted  is  that  of  Jacobin  figured  in* 
your  first  vol.  with  some  modifications  in  its  forms,  whereby 
greater  symmetry  of  appearance  and  equal  certainty  of  effect 
is  secured. 

I  am.  Sir,  yours, 
June  I2th,  1838.  F.  LOCKEY. 


V.  Researches  in  Electro-dynamics ,  experimental  and 
theoretical.  By  William  Sturgeon,  Lecturer  on 
Experimental  Philosophy,  at  the  Hon,  East  India  Com* 
pany^s  Military  Seminary,  Addiscombe^  8fc.  8fc* 

Description  of  another  magnetic  electrical  machine. 

This  machine  is  a  modification  of  one  first  made  by  M. 
Pixii,  and,  with  the  exception  of  the  discharging  apparatus, 
figs  12  plate  II.,  is  not  very  diiferent  to  that  exhibiting  in  the 
Adelaide  rooms.  A  horizontal  section  of  it  is  seen  in  fig.  13: 
where  w,  m,  m,  is  the  magnet  already  described  as  belonging 
to  the  former  machine,  fig.  1,  plate  I.,  vol  2 :  and  w,  w,  is  another 
smaller  magnet,  also  of  four  bars,  which  fits  inside  of  the  , 
larger  one.  Both  magnets  were  made  from  bars  of  the  same 
dimensions,  and  consequently,  when  fitted  together,  are  of  the 
same  thickness. 

The  piece  6  o  a  is  of  soft  iron,  and  rotates  in  front  of  the 
magnetic  poles,  on  the  spindle  s  s.  The  branches  h  and  a,  are 
cylindrical,  and  carry  each  a  coil  c  c,  of  three  hundred  feet  of 
copper  wire  covered  with  silk  thread.  The  iron  is  made  to 
approach  the  magnetic  poles  as  closely  as  possible  without 
touching,  whilst  revolving,  past  them,  on  its  spindle. 

By  this  means  the  iron  undergoes  a  series  of  vicissitudes  of 
magnetic  polarity  and  energy  during  each  entire  revolution, 
and  the  magnetic  force  of  the  iron  thus  called  into  action 
becomes  productive  of  electric  currents  in  the  coils. 

The  method  of  putting  the  spindle  and  appendages  into 
motion,  is  by  means  of  a  wheel  and  band;  and  as  the  firame 
work  is  similar  to  that  in  fig.  1,  plate  I.,  vol.  2,  it  need  not  be 
again  described. 

*  This  paper  is  the  latter  part  of  a  paper  which  was  read  before 
the  Royal  Society,  on  the  I6th  of  June,  1836;  the  former  part  of 
that  paper  being  already  published  in  the  second  volume  of  these 
«  Annals."    See  Vol.  2,  page  1  to  24, 
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Excitations  of  the  coils. 

The  plane  of  the  soft  iron,  as  represented  in  fig.  13,  is  coin- 
cident with  that  of  the  magnet;  a  position  in  which  the  mag- 
netic force  of  the  iron  is  at  a  maximum. 

If  the  iron  commence  a  revolution,  in  either  direction,  the 
magnetic  force  of  both  branches,  a  and  6,  will  begin  to 
decline,  and  the  polarity  to  be  less  perfectly  defined;  and 
wiU  continue  to  decline  until  the  first  quadrant  of  revolution 
be  completed,  or  until  the  plane  of  the  iron  has  become  per- 
pendicular to  that  of  the  magnet.  In  this  position,  although 
the  magnetic  forces  be  not  neutral,  they  will  be  at  a  minimum, 
and  the  opposite  sides  of  each  branch  of  the  iron  will  exhibit 
polarity  of  different  kinds.     . 

As  the  iron  moves  on,  the  extremities  a  and  b,  will  change 
their  polar  character ;  which  will  progressively  become  more 
perfectly  defined  through  the  second  quadrant  of  revolution. 
The  magnetic  forces  will  consequently  improve  until  the 
branches  a  and  d,  be  again  opposite  to  the  magnetic  poles, 
and  have  changed  places  with  regard  to  their  first  position; 
and  similar  vicissitudes  of  polarity  and  energy  of  force  will 
occur  during  the  passage  of  the  iron  through  the  other  half 
circle  of  revolution. 

If  now,  we  permit  the  extremity  a,  of  the  soft  iron,  fig.  13, 
to  move  upwards,  through  a  quarter  of  a  circle,  or  from  a  1, 
toa  3,in  fig.  14,  which  is  an  end  view  of  the  circle  of  revolution, 
an  electric  current,  whose  direction  is  indicated  by  the  arrows 
round  a  2,  a  3,  would  be  excited  in  the  coil.  And,  notwith- 
standing the  change  of  polarity  that  would  take  place  as  the 
iron  came  into  the  position  a  3,  the  direction  of  the  current 
would  continue  the  same  until  that  extremity  of  the  iron  had 
performed  half  a  revolution,  and  had  arrived  at  the  other  pole 
of  the  magnet.  For,  in  whatever  diriection  the  magnetic 
atmosphere  of  the  iron  travels  through  the  coil  in  the  first  quad- 
rant, it  will  proceed  in  the  opposite  direction  in  the  second. 
So  that  if  we  conceive  that  it  recedes  in  the  former,  it  will 
advance  amongst  the  convolutions  in  the  latter ;  and  as  this 
magnetic  atmosphere  changes  its  polarity  with  respect  to  the 
iron,  at  the  precise  moment  that  it  changes  its  direction  of 
motion  through  the  coil,  the  direction  of  the  electric  current 
will  continue  unaltered. 

When,  however,  the  branch  a  leaves  the  last  approached 
pole  of  the  magnet,  and  enters  the  third  quadrant  of  revolution, 
there  will  be  a  recession  of  the  magnetic  atmosphere  of  the 
same  kind  of  polarity  as  that  which  advanced  through  the 
second  quadrant ;  and  consequently  the  new  current  will  be 
produced  in  the  opposite  direction.  . 
Vol.  III.— No.  13.— July,  183S.  C 
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This  new  current  will  <x>ntiniie  during  ihe  time  the  iron  is 
passing  through  the  latter  half  circle  of  revolution,  as  indicated 
by  the  arrows  round  6  2,  6  3^  6  4,  but  will  again  change  its 
direction  as  the  iron  passes  the  pole :  so  that  in  each  entire 
revolution  of  the  iron^  there  wilt  be  two  opposite  currents 
excited  in  the  coil^  which  will  regularly  succeed  each  other 
as  the  iron  passes  the  poles  of  the  magnet. 

The  branch  b,  fig.  13,  of  the  revolving  iron  will  undergo 
similar  vicissitudes  of  polarity  in  an  inverted  order;  so  that 
the  currents  in  its  coil  will  invariably  proceed  in  the  opposite 
direction  to  those  in  the  other  coil :  but  by  a  proper  connexion 
of  the  extremities  of  the  wires  the  currents  may  be  made  to 
conspire. 

It  will  now  be  understood,  that,  as  the  electric  currents 
change  their  direction  through  the  coil  at  the  precise  time  thai 
the  iron  passes  the  poles  of  the  magnet,  those  poles  cannot  be 
too  well  defined,  in  order  that  the  transit  of  the  iron  past 
them,  may  be  as  sudden  as  possible.  These  views  led  to  the 
construction  of  the  compound  magnet  as  represented  in  fig.  13. 

The  discharging  apparatus  fig.  12,  is  placed  on  the  q;>indle 
fig.  13,  in  such  manner,  that  the  semi- wheels  may  succeed  one. 
another  in  the  polar  cells  when  the  changes  take  place  in  the 
direction  of  the  currents ;  or  when  the  extremities  of  the  iron 
are  crossing  the  plane  of  the  magnet. 

EXPERIMENTS. 

Magnetic.  The  following  table  will  show  at  one  view  the 
magnetic  deflections,  with  three  difierent  velocities  of  the 
coils.  The  galvanometer  is  that  used  in  the  first  described 
experiments  with  the  other  machine.*  The  needle  having  the 
same  directive  force  in  both  sets  of  experiments. 


Coil  revolved 
to  the 

Deflections  of  the  Magnetic 

Needle  due  to 

Three  Rerolntioiis 
per  Second. 

Six  ReTolutions 
per  Second. 

TwelTeReTolotioDS 
per  Second. 

Right. 
Left. 

55* 
50* 

55' 
55' 

57-5* 
57-5° 

Mean. 

52-5' 

55' 

57  5° 

*  See  Vol.  II.  page  8. 
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With  the  greatest  speed  of  the  wheel,  the  needle  could  not 
be  steadily  deflected  to  60* . 

The  deflections  by  this  machine  do  not  increase  propor- 
tionally with  those  of  the  other,  with  the  same  speed  of  the 
coil.  The  reason  appears  to  be  this :  that  as  the  excitation 
of  the  coils  depends  upon  the  magnetic  force  developed  by  the 
revolving  iron,  the  polarization  of  the  latter  is  not  so  complete 
when  the  velocity  is  considerable  as  when  it  moves  at  a  slower 
pace,  and  this  diminution  of  magnetic  force  will  necessarily 
abate  the  excitation  whenever  the  iron  moves  with  creat 
velocity.  This  circumstance  may  possibly  be  a  formidable 
impediment  to  the  improvement  of  this  kind  of  magnetic 
electrical  machines  beyond  a  certain  point ;  but  it  cannot 
possibly  be  any  check  whatever  to  the  other  kind,  where 
the  magnetic  force  is  already  formed,  and  permanently  situ- 
ated, and  has  no  dependence  upon  the  revolving  part  of  the 
machine.* 

The  electric  powers  exhibited  by  the  first  described  machine 
are  certainly  much  below  those  exhibited  by  that  with  the 
revolving  iron.  But  it  must  be  remembered  that  the  coil 
wire  of  the  former  is  only  one  third  (rf  the  length  of  that  of  the 
latter.  This  difference  in  the  length  of  excited  wire,  in  addition 
to  the  difference  of  the  magnetic  force  employed  in  the  two 
machines,  may  possibly  account  for  the  diffsrence  of  excited 
electricity.  Should  this  supposition  prove  a  fact,  we  shall  be 
enabled  to  carry  on  the  'improvement  to  a  very  great  extent 
and  in  a  very  simple  manner ;  and  large  machines  may  be 
made  of  almost  any  recjuired  power. 

Chemical.  A  solution  of  hydriodate  of  potassa  and  starch 
placed  in  a  rectangular  glass  box,  such  as  is  used  in  lectures 
for  exhibiting  decompositions  &c.,  was  brought  into  the  cir- 
cuit: the  terminal  metals  being  slips  of  platina,  with  a  gauze 
partition  between  them.  The  slightest  motion  of  the  wheel 
gave  indications  of  liberated  iodine  at  the  issuing  terminal. 
Pour  or  five  turns  produced  a  copious  liberation,  and  ten  turns 
were  sufficient  to  produce  a  dense  cloud,  when  the  terminal 
metal  was  agitated  a  little  to  shake  off  the  iodine  with  which 
it  was  loaded.  Not  a  particle  of  iodine  appeared  at  the  re- 
entering metal. 

By  reversing  the  motion  of  the  wheel,  iodine  was  liberated 
at  the  other  metal. 

A  solution  of  sulphate  of  copper  placed  in  the  circuit  with 
platinum  wire  terminals,  became  partly  decomposed  by  one 
turn  of  the  wheel.     Five  turns  of  the  wheel  liberated  as  much 

♦  Vol.  II.  page  1. 
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copper  as  made  the  re-entering  terminal  look  like  copper  wire 
for  half  an  inch  of  its  length.  But  none  was  liberated  at  the 
issuing  terminal. 

A  mixture  of  archil  and  solution  of  sulphate  of  potash  was 
placed  in  a  glass  tube  bent  into  the  shape  of  the  letter  V^ 
having  a  platinum  wire  in  each  branch  and  properly  connected 
with  the  polar  cells  of  the  machine.  By  a  few  turns  of  the 
wheels  the  liquor  in  the  branch  containing  the  issuing  ter- 
minal wire,  became  quite  red.  That  in  the  other  Jjranch  a 
deeper  blue  than  the  original  liquid. 

Strong  fuming  nitrous  acid,  diluted  with  twelve  measures  of 
distilled  water  was  placed  in  the  circuit,  having  one  platinum 
and  one  copper  terminal.  When  the  latter  was  made  the 
issuing  terminal,  the  dissolution  of  the  wire  was  more  rapid 
than  by  the  acid  solution  alone.  When  the  copper  was  made 
the  re-entering  terminal,  the  chemical  action  on  the  copper 
was  perfectly  annihilated. 

Twenty  feet  of  thin  copper  wire  made  into  a  small  coil  was 
made  the  re-entering  terminal  in  a  portion  of  muriate  of  tin 
properly  placed  in  the  circuit.  The  other  terminal  was  a  thin 
platinum  wire.  The  whole  twenty  feet  of  copper  wire  was 
partially  tinned  by  the  machine  current,  in  about  ten  minutes. 

A  similar  coil  of  copper  wire  was  afterwards  tried,  with  five 
feet  only  at  a  time  placed  in  the  muriate.  The  first  five  feet 
soon  became  perfectly  tinned.  A  second  five  feet  also  became 
tinned  in  its  turn,  and  so  on  for  five  feet  at  a  time  till  the 
whole  twenty  feet  were  covered  with  tin. 

In  this  way  the  twenty  feet  of  wire  were  better  tinned,  and 
in  a  shorter  time  than  by  introducing  the  whole  at  once  into 
the  muriate.  This  result  was  to  be  expected,  because  of  the 
current  being  too  much  attenuated  to  produce  rapid  decom- 
position when  the  whole  length  of  the  wire  was  exposed  to  the 
muriate. 

Distilled  water,  slightly  acidulated  by  a  few  drops  of  sul- 
phuric acid,  was  placed  in  the  circuit  in  an  apparatus  of  the 
usual  kind  for  decomposing  water  by  voltaic  electricity ;  the 
platinum  terminals  of  which,  being  one  inch  long  and  a 
quarter  of  an  inch  broad,  and  three  quarters  of  an  inch  asunder. 
A  glass  tube  filled  with  the  same  kind  of  acidulated  water, 
was  inverted  over  each  terminal.  The  glass  tubes  are  of  the 
same  dimensions,  each  half  an  inch  in  diameter;  consequently 
exposing  a  transverse  sectional  area  of  y^  of  an  inch.  Then 
l-j-|^=r5n  inches  in  the  length  of  either  tube,  will  be  the 
measure  for  one  cubic  inch  of  capacity. 

The  coils  of  the  machine  were  put  into  motion  at  the 
rate  of  eighteen  revolutions  per  second.     At  the  expiration  of 
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twelve  minutes  3J  inches  of  the  tube  over  the  re-entering  ter- 
minal was  filled  with  hydrogen ;  and  If  inches  of  the  other 
tube  was  filled  with  oxygen.  The  sum  of  these  is  5$  inches. 
Hence  something  more  than  one  cubic  inch  of  gas  was 
liberated  in  twelve  minutes. 

From  the  results  of  several  experiments  of  this  kind,  I  con- 
sider that^  with  these  terminals^  and  water  similarly  at;idulated^ 
one  cubic  inch  of  gas  is  the  average  quantity  liberiat«d  by  this 
machine  in  every  twelve  minutes  it  is  kept  in  motion^  the  coils 
making  eighteen  revolutions  per  second.  With  terminals  of 
other  dimensions^  and  with  difierently  acidulated  water^  the 
results  would  be  somewhat  different. 

Having  thus  ascertained  what  may  be  termed  the  standard 
power  of  the  machine  in  decomposing  water,  comparative  ex- 
periments were  next  made  with  a  voltaic  battery. 

The  battery  which  was  employed  is  of  the  Cruikshank  form, 
containing  fifty-five  three  inch  plates.*  It  was  charged  with 
rain  water  mixed  with  one  thirtieth  of  nitro-sulphuric  acid, 
half  of  which  was  strong  fuming  nitrous,  the  other  good  sul- 
phuric. The  decomposing  apparatus  being  already  supplied 
with  acidulated  water  of  precisely  the  same  character  as  before, 
was  placed  in  the  circuit  the  moment  the  battery  was  charged ; 
and  the  following  results  were  noticed. 

For  the  first  five  minutes  the  battery  liberated  gas  much 
more  copiously  than  the  machine,  but  its  powers  began  to 
decline  very  perceptibly  at  the  end  of  that  time.  When  it 
had  been  in  action  on  the  water  for  twelve  minutes,  the  portion 
of  the  hydrogen  tube  filled  with  gas  was  measured,  and  was 
found  to  be  3^  inches  long. 

At  the  end  of  the  next  twelve  minutes,  the  hydrogen  column 
was  4  inches  long. 

At  the  end  of  the  third  twelve  minutes,  the  hydrogen  column 
was  4^  inches  long. 

At  the  end  of  the  fourth  twelve  minutes,  the  hydrogen 
column  was  4/?  inches  long. 

At  the  end  of  the  fifth  twelve  minutes,  the  hydrogen 
column  was  not  quite  4-j^  inches  long. 

Now,  as  the  hydrogen  in  one  tube  is  in  a  constant  ratio 
with  the  oxygen  in  the  other,  the  differences  in  the  lengths  of 
the  hydrogen  columns  will  be  an  accurate  measure  of  the 
decomposing  power  of  the  battery  in  each  interval  of  twelve 
minutes.     They  are  as  follow. 


*  The  breadth  of  the  metal  exposed  to  the  exciting  solution  is 
about  two  and  a  half  inches,  the  rest  bebg  covered  with  cement. 
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Decomposing  power. 

First  interval        -         .         -         -  3.25 

Second  -        -         -         -         -  0.75 

Third 0.5 

Fourth  -         -        -        -         .  0.2 

Fifth  -        ....  0.1 

At  the  end  of  the  fifth  interval^  or  in  one  hour  from  the  com- 
mencement, the  decomposing  power  was  nearly  extinguished. 

By  referring  the  constant  power  of  the  machine,  or,  which 
is  the  same  thing,  the  constant  quantity  of  gas  which  it  will 
liberate  in  any  interval  of  twelve  minutes  to  unity,  the  quan- 
tity of  gas,  in  cubic  inches,  liberated  by  the  battery  in  the 
successive  intervals  will  stand  as  below. 

Qaantity  of  gas  in 
cubic  inoli^s. 

By  the  maqhine  in  one  interval      -  -  -  1.000 

By  the  battery  in  the  first  interval  -  -  -  0.956 — 

second          -  -  -  0.220+ 

third              .  -  ^  0.147+ 

fourth           -  -  -  0.059— 

fifth               -  '-  ,  0.029+ 

And  by  taking  the  whole  hour  as  the  interval  of  time,  the 
power  of  the  machine  to  that  of  the  battery,  in  liberating  gas, 
is  as  5  to  1.411. 

The  metals  of  the  battery  were  rolled  copper  and  rolled  ^inc, 
and  the  pairs  about  the  fifth  of  an  inch  apart.  This  lattev 
eircumstance  tends  to  shorten  the  period  of  action  ,*  but  exalts 
the  electric  powers  at  the  commencement :  and  rolled  zinc  has 
an  advantage  over  cast  zinc.  A  stronger  solution  would  also 
have  exalted  the  electric  powers  of  the  battery  for  a  short 
time;  but  then  the  metals  would  have  been  destroyed  faster, 
and  the  action  of  shorter  duration. 

In  whatever  way  we  compare  the  experiments  here  detltiled, 
it  is  obvious,  that  the  results  are  favourable  to  the  employment 
of  the  machine.  Its  powers  are  constantly  the  same,  which  is 
a  ^material  advantage  both  in  experimental  and  theoretical 
investigation. 

The  shock  from  this  machine  is  exceedingly  disagreeable, 
and  the  sparks  which  are  seen  in  tha  polar  cells  are  brilliant, 
and  accompanied  by  a  snapping  noises 

Should  these  facts  meet  with  a  favourable  receptioit  by  the 
Royal  Society,  my  object  will  be  completely  attained.  The 
magnetic  electrical  machines,  when  their  powers  are  once 
known,  will  soon  find  their  way  into  the  hands  of  experimental 
philosophers,  and  by  future  improvements  may  become  amOTe 
formidable  implement  of  Analysis  than  any  hitherto' placed  at 
their  command.  i4rtUlery  Piace^  fVoolwick, 

June  15,  1836. 
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APPENDIX. 

During  the  time  I  was  carrying  on  the  experiments  des- 
cribed in  this  paper^  the  mercury  with  its  cells  were  occasion- 
ally removed  £rom  the  machine^  and  spring  c^zVcAar^ertf^  made 
of  brass  wire,  pressing  on  the  peripheries  of  the  semi-wheels, 
and  lubricated  with  sweet  oil,  were  made  to  replace  them. 
A  few  trials  soon  convinced  me  of  the  advantage  likely  to  be 
gained  by  this  mode  of  discharging  the  currents ;  but  before 
I  had  got  any  series  of  experiments  with  this  apparatus  pro- 
perly arranged,  I  was  maae  to  understand  that  my  paper 
would  not  be  permitted  to  appear  in  the  Transactions  of  the 
Royul  Society ;  a  circumstance  which  appeared  to  me  no  very 
great  inducement  to  proceed  any  further  with  the  investigation, 
at  least  at  that  time. 

Mr.  Christie,  one  of  the  council  of  the  Royal  Society,  saw 
some  of  these  experiments,  with  the  spring  discharger  attached 
to  the  machine,  at  my  house,  within  a  week  after  my  paper 
was  read.  At  that  time  the  machine  would  liberate  one  cubic 
inch  of  gas,  from  acidulated  water,  in  eight  minutes;  showing 
an  increase  of  power  equal  to  one  third  of  that  which  it  exerted 
with  the  mercurial  polar  cells. 

During  the  latter  part  of  1836,  I  varied  the  shape  and  size 
of  the  revolving  armature,  still  employing  the  same  six  hundred 
feet  of  copper  wire  for  the  coils.  With  this  new  armature  the 
machine  liberated  one  cubic  inch  of  gas  in  five  minutes  ;* 
consequently  its  decomposing  power  was  more  than  double 
that  which  it  first  exerted  with  the  mercurial  cells.  During 
the  last  winter  I  again  varied  the  shape  and  size  of  the  arma- 
ture, and  also  the  length  and  size  of  the  coil  wires,  by  means 
of  which  the  decomposing  power  of  the  machine  was  again 
improved.  Since  that  time  I  have  attached  hollow  armatures, 
and  also  compound  armatures,  made  of  bundles  of  thin  iron 
rods,  and  iron  wire  of  various  dimensions,  all  of  which  vary 
the  power  of  the  instrument. 

I  have  for  some  time  past  been  engaged  in  a  series  of  expe- 
riments for  ascertaining  the  comparative  decomposing  power 
of  this  machine  in  its  present  form,  with  the  powers  of  the 
various  voltaic  batteries  now  in  general  use.  A  fiill  descrip- 
tion of  the  machine,  with  these  experiments,  will  shortly  be 
placed  before  the  readers  of  these  '^Annals."    In  the  present 

*  I  have  not  yet  seeti  in  London  a  magnetic  elecfrical  machine 
possessing  one-tenth  the  decomposing  power  here  stated;  although 
that  at  the  Adelaide.  Gallery  is  more  than  five  times  heavier  than 
mine.  Those  usually  sold  in  instrument  makers'  shops  do  not  ex- 
hibit one-hundredth  part  of  its  power  as  a  decomposing  instrument. 
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instance  I  have  strictly  adhered  to  the  paper  in  its  original 
form ;  and  have  neither  altered  nor  added  one  sentence  since 
it  was  returned  to  me  from  the  Royal  Society. 


VI.  Instructions  for  the  scientific  expedition  in  the 
North  of  Europe,  Part  relating  to  the  Phenomena  of 
Electricity,     Drawn  up  by  M.  Becquerel.* 

Electrical  phenomena  have  become  of  such  importance,  on 
account  of  their  connexions  with  a  great  number  of  natural 
phenomena^  that  we  must  take  them  into  consideration  in 
studying  the  latter :  travellers  also,  whatever  may  be  the  part 
of  the  globe  they  traverse,  ought  to  try  to  discover  if  such 
and  such  phenomena,  which  pass  under  their  observation, 
have  or  not  an  electrical  origin,  or  at  least  if  electricity  inter- 
venes in  any  manner  in  its  production. 

We  are  going  to  point  out  several  series  of  experiments  to 
be  made^  not  only  in  the  north  of  Europe,  but  in  every  other 
locality.  We  shall  divide  these  series  into  three  classes  :  the 
first  will  be  relative  to  the  electricity  of  the  atmosphere ;  the 
second  to  electricity  in  motion  and  its  use ;  and  the  third  to 
electricity  acting  as  a  chemical  force. 

Atmospheric  electricity.  The  atmosphere,  in  calm  weather, 
when  no  disturbing  cause  mixes  the  different  strata  of  air 
situated  at  a  certain  distance  from  the  earth,  is  a  vast  reser- 
voir of  positive  electricity,  whose  intensity,  which  is  increas- 
ing from  the  surface  of  the  earth  to  a  certain  height  at  present 
undetermined,  is  subject  to  variations  which  give  two  maxima 
and  minima  every  twenty-four  hours. 

This  excess  of  electricity,  which  is  very  weak  before  the 
rising  of  the  sun,  increases  by  degrees  with  its  elevation,  then 
rapidly,  and  usually  some  hours  after,  arrives  at  its  first  maxi- 
mum. This  excess  diminishes  at  first  rapidly,  then  slowly, 
and  arrives  at  its  minimum  some  hours  before  the  setting  of 
the  sun.  It  begins  to  mount  again  as  soon  as  the  sun  ap- 
proaches the  horizon,  and  attains  its  second  maximum  in  a  few 
hours  after,  then  diminishes  till  the  rising  of  the  sun.  It  then 
follows  the  plan  before  mentioned. 

We  know  from  observations  made  with  great  care  by 
Schubler,  that  the  intensity  of  the  electricity  for  the  two  max- 
ima and  minima  increases  from  the  month  of  July  to  that  of 
January  inclusive^  so  that  the  greatest  intensity  takes  place  in 

♦  From  the  Compte  Rendu  Hebdomadair  des  Seances  de  I'Aca- 
demie  des  Sciences.  April  23, 1838.  Translated  by  Mr.  J.H.  Lang. 
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winter^  and  the  least  in  summer ;  we  also  find  in  the  winter 
months  that  on  calm  days  the  increase  of  the  electricity  is 
always  in  proportion  to  that  of  the  cold.  It  would  be  interest* 
ing  to  see  if  we  should  obtain  similar  results  in  the  polar 
regions  during  the  long  winter  nights,  for  which  time  the  state 
of  the  atmosphere  experiences  little  variation,  so  as  to  know 
how  far  the  fall  of  the  dew,  the  formation  of  the  terrestrial 
vapours,  and  the  electricity  of  the  earth  influence  the  pheno- 
mena observed. 

When  the  weather, is  cloudy,  the  free  electricity  which  is 
found  in  the  atmosphere  experiences  great  variations,  both 
in  its  nature  or  in  its  intensity.  During  storms,  when  it  rains 
or  snows,  the  electricity  is  sometimes  positive,  and  at  others 
negative ;  and  its  intensity  is  much  more  considerable  than  in 
fine  weather.  We  have  not  yet  been  able  to  establish  any 
law  on  the  nature  of  the  electricity  under  such  circumstances; 
but  experiment  has  proved  that,  in  the  course  of  one  year, 
there  have  been  nearly  as  many  negative  as  positive  days.  It 
would  be  desirable  for  somebody  to  attend  to  the  following  ex- 
experiments,  during  the  days  on  which  the  atmosphere  is 
troubled,  to  see  if  we  could  not  find  some  connexion  between 
the  electricity  of  the  atmosphere  and  the  physical  effects  which 
are  then  manifested.  These  experiments'may  be  made  with  dif- 
ferent apparatus,  the  description  of  which  will  be  found  in  the 
work  of  one  of  your  commissioners.  Traits  de  V Electricity 
et  du  Magn^tisme,    T.  IV.  p.  79  h  85  et  107. 

Several  local  causes  generally  make  the  intensity  of  the 
atmospheric  electricity  differ  even  when  the  sky  is  serene. 
This  electricity  is  generally  stronger  in  the  most  elevated  and 
insulated  places,  not  at  all  in  houses,  under  trees,  in  streets, 
courts,  and  generally  in  places  enclosed  on  all  sides.  It  is, 
however,  perceptible  in  towns,  in  the  middle  of  large  places, 
at  the  borders  of  quays,  and  principally  on  bridges,  where  it  is 
stronger  than  in  open  fields. 

This  is  what  takes  place  in  our  climates ;  we  ought  to  prove 
whether  it  be  the  same,  as  might  be  presumed,  in  others. 

On  the  other  hand  we  know  that  the  atmosphere  and  earth 
are  continually  in  two  different  electrical  states.  These  two 
electricities  must  continually  combine  in  the^  lower  strata  of 
the  atmosphere,  by  the  intervention  of  bodies -which  are  found 
on  the  surface  of  the  earth.  In  open  fields^  experience  proves 
that,  in  any  length  of  fine  weather,  we  commence  finding 
positive  electricity  of  only  one  metre,  or  about  !"•  3  above  the 
ground.  Hence  the  recomposition  of  the  two  electricities 
takes  place  at  this  height,  when  no  foreign  cause  disturbs  the 
state  of  the  atmosphere.    From  thence  the  electricity  expands 
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in  the  air^  &ilowing  a  law  we  cure  not  acquainted  with^  bu^ 
which  depends  on  the  bad  conductibility  of  its  constituent 
parts  and  different  causes  of  which  we  have  no  idea.  It  is 
difficult  to  find  the  algebridc  expression  for  this  law'>  varying 
every  moment  on  account  of  the  vapours  which  arise  from  the 
sun^  or  descend  on  the  earth :  but  if  it  be  wished  to  have  ap- 
proximate values  of  the  electric  intensity  in  proportion  as  it 
becomes  higher  in  the  atmosphere^  the  process  used  by  M. 
Breschet  and  myself,  at  the  Great  St,  Bernard,  may  be  em- 
ployed. We  extended  on  the  ground  a  piece  of  thin  gummed 
silk  3  metres  long  and  2  wide,  on  which  was  unrolled  a  silk 
wire  covered  with  tinsel  80  metres  long.  One  of  the  ends  of 
this  wire  was  put  in  connexion  with  the  stock  of  a  straw  elec- 
trometer, by  means  of  a  running  knot  slightly  pressing  the 
stock :  the  other  end  was  fixed  to  the  iron  spear  of  an  arraw : 
we  then  shot  it  from  a  strongly  extended  bow.  The  arrow  as 
it  ascended  took  with  it  the  wire,  which,  being  feebly  attached 
to  the  stock,  separated  as  soon  as  it  was  unrolled.  The  straws 
were  separated  by  degrees  in  proportion  as  the  arrow  ascended: 
the  separation  soon  became  such  that  the  straws  struck  pow- 
erfully the  sides  of  the  bell.  The  wire  being  separated  from 
the  stock,  the  apparatus  preserved  the  electricity  that  had  been 
communicated  to  it,  which  was  positive.  We  do  not  doubt 
that  by  this  we  may  be  able  to  charge  a  condensor  sufficiently 
to  give  sparks,  even  in  the  ordinary  time.  We  perceive  that, 
by  this  process  and  with  good  electrometers,  we  may  approxi- 
mately estimate  the  intensity  of  the  atmospheric  electricity  at 
diffisrent  heights  above  the  ground. 

To  determine  tibiat  the  electricity  submitted  to  the  appara- 
tus is  not  owing  to  its  friction  against  the  air,  it  is  sufficient  io 
draw  the  arrow  horizontally,  three  feet  above  the  ground,  and 
to  see  if  any  effects  are  obtained;  usually  we  have  none. 

Instead  of  an  arrow  a  balloon  may  be  used,  furnished  with 
convenient  necessaries,  which  are  attached  by  a  conducting 
cord,  whose  lower  extremity  communicates  with  an  electro- 
meter. This  mode  of  experimenting  is  not  so  simple  as  the 
preceding,  as  we  have  not  always  the  means  of  obtaining 
hydrogen  gas  at  our  disposal;  and  the  lateral  currents  of  the 
Jt  ca^g  the  baUoon,  prevent  its  rising  yerticaUy. 

We  advise  experimenters  to  be  on  their  guard  against  an 
effisct  observed  by  MM.  Gay  Lussac  and  Biot  in  their  aero- 
static voyage,  seeking  to  give  an  account  of  the  distribution 
of  the  electricity  in  the  elevated  regions  of  the  atmosphere^ 
by^neans  of  a  metal  wire  50  metres  long,  tenninated  at  the 
bottom  by  a  metal  ball^  and  attadied  by  the  other  end  to  the 
car ;  tiiey  observed  that  while  the  weather  was  very  serene  the 
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electricity  was  negative.  This  result  was  in  Disposition  to  the 
ifkidt  already  well  proved,  that  the  atmosf^ere  edways  possesses 
an  excess  of  positive  electricity  when  the  sky  is  without  clouds* 
M.  Biot  has  given  an  explanation  of  this  fact,  to  which  we 
would  refer  travellers.  Traits  de  V  Electricity  et  du  Magfk6* 
tisme.  T.  IV.  p.  112. 

The  electricity  which  belongs  to  the  earth  may  be  recog- 
nised by  employing  M.  Peltier's  process,  a  description  of 
which  may  be  found  in  the  Traits  de  P Electricity  ct  du  Mag* 
fiAtisme^  (T.  IV.  p.  107).  This  electricity  yields  to  some 
effects,  which. were  first  observed  by  Tralles^  then  confirmed 
by  Volta,  and  one  of  your  commissioners. 

Tralles  being  one  day  on  the  Alps,  opposite  a  caacade,  pre- 
sented his  atmospheric  electrometer,  not  armed  with  the 
metallic  rod,  to  the  very  fine  rain  which  results  from  the  scat* 
tering  of  the  water.  He  immediately  obtained  very  distinct 
signs  of  negative  electricity,  even  during  calm  weather,  and 
when  the  free  electricity  of  the  atmosphere  was  positive. 
Similar  effects  have  been  observed  in  the  neighlxHurhood  ci 
several  cascades. 

We  are  led  to  beUeve  that  the  water,  by  falling  with  a 
great  velocity  on  the  rocks,  is  scatteired  into  vesicular  glo*r 
bules,  which  carry  with  them  into  the  air  the  negative  elecr 
tricity  that  they  have  brought  to  these  rocks  and  consequently 
to  the  earth.  This  electricity  could  not  be  attributed  to 
evaporation,  since  it  is  of  a  contrary  nature  to  that  which  this 
action  produces.  We  recommend  travellers  to  repeat  these 
experiments  near  cascades,  and  to  study  the  effects  produced 
so  as  to  be  able  to  give  .a  complete  explanation  of  them. 

As  soon  as  the  earth  possesses  an  electricity  of  a  contrary 
nature  to  that  of  the  air,  when  the  latter  is  calm^  it  follows 
that  the  clouds,  which  are  always  more  or  less  electrized^ 
experience  different  kinds  of  action  on  the  part  of  the  moun- 
tains. We  particularly  call  the  attention  of  travellers  tp  the 
electric  state  of  the  parasite  clouds  which  collect  about  the 
summits,  which  clouds  seem  to  exercise  over  them  an  attrac<r 
lion  to  which  the  action  of  electricity  could  not  weU  be  foa^eign^ 
as  we  might  be  led  to  believe,  from  the  following  fcust:  M. 
Bottssingauolt  observed  in  the  Andes,  parasite  clouds  of  im- 
mense size,  and  which  were  4ittached  to  the  upper  part  o^a  cone 
of  trachyte.  They  adhered  to  it,  and  the  wind  coidd  not  detach 
them :  the  thunder  burst  this  mass  of  vapours,  and  the  haU 
mixed  with  tain  immediately  inundated  the  base  of  the  moun- 
tain. Hence  we  may  conclude  that  the  great  qi;^atity  of  elec- 
tricity which  tlie.  clouds.encirclii^.the  tops  of  these  moi;mtaiii3 
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possess^  exercise  over  them  an  attractive  power,  as  long  as  the 
discharge  was  not  effected.  Researches  on  this  subject  would 
not  be  without  interest  for  the  natural  philosophy  of  the  globe. 

During  the  appearance  of  the  aurora  borealis  it  would  be 
well  to  determine,  whether  the  electric  state  of  the  atmosphere^ 
in  calm  weather,  did  not  experience  particular  variations. 

Of  fulminary  tubes.  When  thunder  falls  on  any  point  of 
the  surface  of  the  earth,  it  always  follows  the  best  conducting 
bodies  to  attain  water.  The  bodies  are  split,  burnt,  if  they 
are  combustible,  or  broken,  according  to  their  natui'e  and  the 
intensity  of  the  discharge ;  but  if,  in  order  to  attain  this  water 
at  a  considerable  distance  below  the  ground « it  be  necessary  to 
traverse  larger  or  smaller  masses  of  sand,  it  produces  vitrified 
tubes,  called  folminary  tubes.  This  effect  takes  place  particu- 
larly in  sandy  plains  deprived  of  trees  and  houses.  When  an 
opportunity  offers,  it  would  be  well  to  collect  all  the  information 
relative  to  this  phenomenon,  and  to  foUow  as  much  as  possible 
the  direction  of  these  tubes  as  far  as  the  water  itself,  so  as 
thoroughly  to  understand  ail  the  circumstances  of  their 
production. 

Use  of  electric  currents  in  determining  the  temperature 
of  the  bodies  of  men,  animals,  and  vegetables.  Hitherto, 
common  thermometers  have  been  used  for  the  determination 
of  the  temperature  of  the  interior  parts  of  the  bodies  of 
men,  and  animals,  but  their  utility  is  very  limited;  for 
if  an  incision  be  made  for  the  introduction  of  the  apparatus,  a 
disorganization  is  produced,  and,  consequently  a  disturbance 
in  the  vital  functions.  To  obviate  this  inconvenience  we  use 
needles  each  composed  of  two  others,  one  copper  and  the 
other  steel,  soldered  at  one  of  their  ends.  Let  us  suppose 
these  two  needles  to  be  placed  in  communication  by  their 
copper  side,  with  the  two  extremities  of  the  wire  of  a  very 
sensible  multiplier,  and  also  by  their  steel  end  with  a  steel 
wire.  When  the  temperature  is  the  same  in  the  two  solders 
there  will  be  no  thermo-electric  effect ;  but  however  slight  a 
difference  there  may  be,  even  1-lOth  of  a  degree  centigrade,  it 
immediately  shows  a  current  in  favour  of  that  solder  which 
has  the  highest  temperature. 

We  will  now  suppose  that  one  of  the  needles  be  introduced  in- 
to a  muscle  by  the  process  of  acupuncturation,  the  solder  being 
in  the  middle,  and  the  solder  of  the  second  needle  placed  in  a 
source  of  heat  whose  temperature  is  constant,  the  direction 
and  intensity  of  the  current  will  show  the  difference  of  tempe- 
rature between  the  two  solders,  and,  consequently,  the 
temperature  of  the  muscle.     The  effects  being  instantaneous. 
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this  process  is,  therefore,  exceedingly  fit  for  discovering  the 
changes  of  temperature  which  are  exhibited  in  physiological 
phenomena. 

The  source  of  constant  temperature  is  furnished  by  M. 
Sorel's  apparatus,  described  in  the  Traits  de  F  Electricity  et 
du  Magn^tisme,  (T.  IV.  p.  13)  or  by  the  mouth  of  a  person 
accustomed  from  previous  attempts  to  keep  one  of  the  solders 
in  the  same  position  between  the  mouth  and  the  palate.  The 
precautions  to  be  taken  in  estimating  with  exactness  the 
temperature  of  the  interior  parts  of  men  and  animals,  may  be 
seen  in  the  memoir  lately  communicated  to  the  Academy,  by 
M.  Breschet  and  one  of  your  Commissioners. 

It  has  been  stated  that  the  temperature  of  these  parts 
diminishes  in  going  from  the  poles  to  the  equator.  We  have 
requested  the  philosophers,  who  are  going  to  the  north  of 
Europe,  to  vary  their  experiments,  so  as  to  determine  this  fact. 

They  may  also  estimate  the  value  of  the  interior  temperature 
of  trees  and  bushes.  The  same  apparatus  will  serve  equally 
for  determining  the  temperature  of  the  earth  and  the  variations 
it   experiences,  even  to  a  depth  limited  by  the  probes  for 

Serforating  the  earth,  that  the  expedition  will  have  at  its 
isposal:  we  should  also  advise  them  to  use  M.  Melloni's 
galvanometer  and  reflectors,  to  discover  if  the  aurora  borealis 
emits  towards  the  earth  appreciable  rays  of  heat,  and  to  employ 
the  thermo-electric  apparatus  whenever  it  will  act,  for  appre- 
ciating the  spontaneous  changes  of  temperature,  since  there 
are  no  instruments  as  delicate  for  appreciating  similar  effects. 

Polar  magnetism  of  the  mountains  and  electro-chemical 
phenomena.  Since  the  application  of  electro-chemical  effects  to 
the  explanation  of  several  geological  phenomena,  a  vast  field 
is  opened  for  persons  wishing  to  study  the  relationship  which 
exists  between  them.  We  are  going  to  state  some  questions 
for  them  to  solve,  which  are  not  unimportant  for  the  natural 
philosophy  of  the  globe. 

M.Humboldt  is  the  first  who  has  proved  the  polar  magnet- 
ism- of  a  schistus  and  serpentine  mountain  in  the  Heidelberg. 

The  remarkable  part  of  this  magnetism  is  the  distribution 
and  parellelism  of  the  axes.  The  homonymous  poles  occupy 
a  similar  declivity.  M.  Lichtemberg  has  started  the  conjecture 
that  these  axes  might  very  well  be  the  effect  of  earthquakes, 
which,  in  different  parts  of  our  planet,  have  for  a  long  time 
acted  in  a  similar  direction. 

In  fact  M.  Humboldt  has  once  seen  the  magnetic  inclination 
in  America  changed  in  consequence  of  an  earthquake.  After 
this  there  can  be  no  doubt  that  the  magnetic  axes  of  the 
mountains  possessing  polarity,   equally  experience  changes^ 
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from  the  effect  of  earthquakes :  hence,  it  would  be  desirable 
to  ascertain  if  the  direction  of  these  axes  be  constant,  or 
whether  they  change  with  the  direction  of  the  magnetic 
meridian  of  the  country. 

The  axes  of  the  magnetic  mountains  being  determined,  we 
must  examine,  whenever  the  rocks  which  constitute  them  are 
in  decomposition,  if  the  parts  which  have  a  similar  polarity 
are  in  the  same  state  of  decomposition,  taking  a  very  extensive 
account  of  their  exposure  to  the  winds.  In  the  case  in  which 
the  parts  not  possessing  the  same  polarity  present  differences, 
these  should  be  noted,  and  also  the  products  formed,  so  as  to 
trace  them  to  the  causes  which  have  exercised  a  determining 
influence  over  them.  The  same  observations  may  be  mskle 
with  regard  to  the  mountains  of  granite,  gneiss,  or  other  focks. 
which  are  in  decomposition :  that  is  to  say,  we  should  seek 
with  care  whether  all  parts  of  the  mountains  similarly  placed, 
with  regard  to  the  magnetic  meridian,  are  found  to  be  in  the 
same  state  of  decomposition. 

These  observations  extend  equally  to  the  changes  which 
operate  in  the  ancient  galleries  of  mines. 

There  yet  exists  many  observations  to  be  made  on  the 
decomposition  of  the  rocks  in  which  the  electric  forces  take 
a  certain  part,  or  at  least  the  effects  of  contact,  whose  influence 
cannot  be  doubted.  We  would  in  this  respect  refer  to  the 
fifth  volume  of  the  Traits  de  F Electricity  et  du  Magn^tisme, 
p.  185,  and  the  following  pages. 

On  the  existence  of  electric  currents  in  veins  of  metal. 
We  are  led  to  believe  there  are  electric  currents  traversing 
the  small  metallic  veins,  conductors  of  electricity,  which 
establish  a  communication  between  the  unoxidized  part  of 
the  globe  and  the  liquids  which  come  from  the  surface  by 
interstices,  and  whence  an  energetic  chemical  reaction  results, 
of  which  the  volcanic  eruptions  are  an  evident  proof.  During 
this  reaction  the  unoxidized  part  takes  the  positive,  and  the 
oxidized  the  negative  electricity.  These  electricities  re-com- 
bine by  the  intervention  of  all  conducting  bodies  that  are  in 
their  neighbourhood ;  these  electric  currents  are  ramified  pro- 
bably in  all  the  small  metallic  veins.  Hitherto  we  have  not 
been  able  to  demonstrate  in  a  manner  exempt  from  objections 
the  existence  of  these  currents,  because  we  have  not  taken  the 
necessary  means  of  guarding  against  the  causes  of  error.  We 
have  here  a  new  series  of  researches  of  the  highest  importance, 
which  we  recommend  to  the  philosophical  travellers  who  are 
about  to  visit  the  works  of  mines.  We  refer  for  more  ample 
information  on  this  head  to  the  Traits  de  P  Electricity  et  du 
Magn^tisme  (T.  V.  p.  165,  and  following,  201  &c.) 
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The  metallic  veins  which  are  probably  traversed  by  electric 
currents^  are  interrupted  in  a  thousand  places  by  rocks  which 
are  non-conductors  of  electricity^  forming  as  many  solutions  of 
continuity  necessary  that  the  currents  react  chemically  on  the 
constituent  parts  of  the  liquids  or  solutions  which  moisten  both 
the  veins  and  the  protuberant  minerals.  From  whence  result 
many  decompositions  and  new  combinations^  whose  nature 
depends  on  that  of  the  principles  which  are  present  j  we  reason 
here  very  extensively  in  the  hypothesis  in  which  the  outside 
of  our  globe  would  be  furrowed  in  all  directions  by  electro* 
chemical  currents,  whose  existence  although  not  yet  recognised 
in  an  incontestable  manner  by  experiments^  are  nevertheless 
admitted  in  theory. 

The  researches  that  we  recommend  to  MM.  the  members 
of  the  scientific  expedition  in  the  north  of  Europe  are  rather 
delicate ;  they  require  an  acquaintance  with  apparatus  of  very 
great  sensibility^  the  use  of  which  is  not  well  known.  If, 
therefore,  they  wish  to  avoid  all  the  causes  of  error^  we  should 
advise  them  to  multiply  their  experiments  before  commencing 
their  work  of  research . 


VII.  Description  of  three  different  instruments  for  opening 
and  shutting  the  battery  circuit  of  an  electro-magnetic 
coil  machine.  By  William  Sturgeon,  Lecturer  on 
Experimental  Philosophy,  at  the  Hon.  East  India  Com^ 
pany*s  Military  Seminary y  Addiscombe^  8fc,  8fc. 

First  instrument.  In  the  usual  mode  of  opening  and  shut- 
ting the  battery  circuit  by  the  wires  of  a  revolving  iron  mag-* 
net  between  the  pples  of  a  permanent  horse-shoe  magnet, 
there  can  never  be  more  than  two  interruptions  during  each 
revolution  of  the  iron.  I'hese  interruptions  of  the  circuit 
occur  at  the  partitions  of  the  vessel  which  divide  it  into  two 
cells  for  holding  the  mercury  as  poles  to  the  battery.  It  is 
thus  that  the  sparks  are  exhibited  at  two  points  of  the  circuit 
only,  both  of  which  are  in  the  plane  of  the  vertical  horse-shoe 
magnet;  and  for  the  same  reason  only  two  shocks  can  be 
given  from  a  coil  machine,  for  each  revolution  of  this  kind  of 
discharger.  Hence  it  is  that  this  instrument  is  not  well  cal- 
culated either  for  the  exhibition  of  sparks,  or  for  the  discharge 
of  a  rapid  series  of  shocks;  for  the  latter  purpose,  however, 
the  object  might  be  accomplished  by  employing  an  active 
battery,  which  would  produce  a  more  rapid  rotation  of  the 
electro-magnetized  iron.  Notwithstanding,  however,  these 
defects  in  the  instrument^  it  is,  without  exception,  the  most 
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convenient  mode  of  opening  and  shutting  the  battery  circuit, 
either  for  medical  or  other  purposes,  where  an  assistant  is  not 
at  hand,  or  whose  company  is  not  wanted,  that  has  yet  ap- 
peared before  the  public. 

The  instrument  I  am  about  to  describe  I  hope  will  be  found 
to  possess  some  advantages  over  that  just  mentioned,  arid  can 
hardly  fail  to  become  generally  employed,  both  at  the  lecture 
table,  and  as  an  useful  appendage  to  the  electro-magnetic  coil 
machine  when  used  for  medical  purposes.  Figs.  15  and  16, 
Plate  II.  respectively  represent  a  horizontal  and  vertical 
plan  of  the  instrument.  The  part  6, 6,  b,  represents  a  round 
wooden  base,  in  the  upper  part  of  which  is  an  annular  groove 
for  the  reception  of  mercury.  The  surface,  of  the  wood  in  the 
centre  of  the  groove  is  in  the  same  plane  as  the  outside  rim, 
and  about  one .  inch  diameter.  The  groove  is  about  thr^e 
quarters  of  an  inch  broad,  and  half  an  inch  deep.  It  is  sepa- 
rated into,  two  compartments  by  two  low  \«:ooden  partitions 
p,  py  which  are  glued  to  the  bottom  and  sides  of  the  gtoove, 
diametrically  opposite  to  each  other,  and  are  about  two-tenths 
of  an  inch  high.  Besides  these  partitions  there,  are  two  half" 
partitions,  one  in  each  compartment.  These  half-partitions 
are  glued  to  the  bottom  and  inner  edge  of  the  groove,  and 
project  alittle  more  than  half  way  across  it.  Across  the.  un- 
derside of  this  box,  and  parallel  to  the  two  whole  partitions, 
is  cut  a  groove  for  the  reception  of  the  centrj^l  part  of  a  staple 
shaped  steel  magnet  n,  g,  5,  whose  extremities  rise  vertically 
on  the  opposite  sides  of  the  instrument,  to  about  an  inch  and 
a  half  above  the  surface  of  the  wood. 

A  piece  of  cylindrical  rod  iron,  about  4-lOths  of  an  inch 
diameter,  and  a  little  shorter  than  the  distance  between  the 
magnetic  poles,  having  a  pivot  in  its  centre,  is  covered  with  a 
coil  of  varnished  copper  wire,  whose  extremities  hang  down 
into  the  groove  when  the  iron  is  properly  placed  on  its  pivot 
in  the  centre  of  the  instrument.  The  iron,  thus  mounted  on  its 
pivot,  is  susceptible  of  rotatory  motion  in  the  plane  of  its, own 
axis,  between  the  poles  of  the  permanent  steel  magnet  n^s; 
and  whilst  revolving,  the  extremities  of  the  coil  wire  just  skim 
the  partitions  and  half-partitions  without  touching  any  of 
them. 

When  this  instrument  is  used,  mercury  is  to  be  placed  in  its 
two  compartments,  until  its  surface  will  admit  the  immersion 
of  the  depending  points  of  the  wire  which  covers  the  iron, 
without  its  covering  the  partitions  and  half  partitions  over 
which  the  points  have  to  travel.  The  ends  of  the  wire  which 
dip  in  the  mercury  are  to  be  amalgamated  previously  to  the 
mounting*  of  the  iron.     The  poles  of  the  battery  are  to  be 
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connected,  by  wire,  with  the  two  portions  of  mercury  in  these 
indented  compartments^  one  with  each^  observing  that  the 
coil  to  be  employed  be  properly  placed  in  the  circuit. 

With  this  instrument  the  mounted  piece  of  iron  will  rotate 
upon  the  same  principles  as  that  in  the  one  hitherto  in  use; 
but  instead  of  having  only  two  places  in  the  circuit  for  the 
exhibition  of  sparks,we  have  here  four  places,  because  of  the  cir- 
cuit being  opened  at  both  the  whole  partitions  and  at  the  half 
partitions :  moreover,  when  the  Aa^-partitions  are  properly 
disposed  in  the  compartments,  each  of  them  will  cause  two 
interruptions  of  the  battery  circuit  in  one  revolution  of  the 
iron,  and  consequently  four  interruptions  are  obtained  from 
both  half-partitions.  Hence,  the  whole  number  of  interruptions 
in  one  revolution  is  six;  and  as  a  spark  or  a  shock  is  obtained  at 
each  interruption,we  have  six  sparks,  or  six  shocks,  or  both,  pro- 
duced for  each  revolution  of  the  iron.  By  employing  two  more 
half- partitions  properly  disposed  in  the  compartments,  one  in 
each,  we  obtain  four  more  sparks  or  shocks  in  one  revolution 
of  the  iron.  By  employing  two  more  half-partition  in  each 
compartment  we  obtain  ten  sparks  and  ten  shocks  in  the  same 
time  that  two  would  be  obtained  by  the  old  instrument.  More- 
over, there  being  twice  the  number  of  sparks  at  the  half-parti- 
tions of  those  exhibited  at  the  whole  partitions,  the  light  ispro- 
portionably  brighter ;  and  as  they  are  not  in  the  least  concealed 
by  the  poles  of  the  magnet,  they  are  seen  to  much  greater 
advantage  than  those  in  the  plane  of  the  magnet.  With  one 
jar  battery  and  a  good  coil,  the  sparks  exhibit  a  very  beautifiil 
spectacle.  With  four  or  six  jars  in  series,  the  group  of  elec- 
tric stars  are  really  grand. 

I  have  never  yet  used  more  than  six  half-partitions,  but  it 
is  obvious  that  they  may  be  multiplied  much  farther;  each 
pair  giving  four  sparks  or  shocks  for  every  whole  revolution  of 
the  iron.  In  point  of  exhibition,  the  apparatus  is  much  im- 
proved by  having  a  glass  vessel  for  the  mercurial  compart- 
ments; and  by  having  three  or  four  half* partitions  in  each 
compartment,  the  dish  is  filled  with  brilliant  electric  light, 
emanating  from  a  circle  of  refulgent  stars,  which  dance 
on  the  mercurial  margins  in  the  most  fascinating  and  imposing 
manner ;  whilst  the  singular  noise  which  attends  their  exhi- 
bition indicates  the  rapid  transmission  of  the  subtle  element 
through  the  intervening  resisting  medium.  Another  form 
which  I  have  given  the  apparatus,  shows  the  sparks  at  only 
one  of  the  points  of  the  revolving  wire. 

Second  Instrument,  In  the  first  volume  of  these  ^'Annals,"* 
I  described  an  apparatus  consisting  of  a  notched  zinc  disc  and 

♦  See  Vol.  I.  page  480,  and  fig.  D,  plate  XV. 
Vol.  III.— Ab.  13,  July,  1838.  D 
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a  revolving  spring  which  passed  over  the  notched  surface, 
exhibiting  a  circle  of  sparks  whose  number  in  each  revolution 
of  the  spring  was  equal  to  the  number  of  notches  in  the  disc. 
The  zinc  disc  was  soldered  to  a  notched  copper  disc,  a  little 
larger  than  itself;  and  the  copper  disc  to  a  notched  one  of 
iron  still  larger  than  the  copper,  forming  altogether  a  kind  of 
metallic  rosette ;  so  that  by  having  springs  of  different  lengths, 
corresponding  to  the  different  distances  of  the  metals  from 
the  centre,  the  colour  of  the  light  exhibited  on  the  res- 
pective metals  was  easily  shown.  Since  that  time  I  have  mo- 
dified this  apparatus  in  two  different  ways,  which  I  will  now 
describe. 

The  first  modification  of  this  instrument  consisted,  chiefly, 
in  substituting  rings  of  the  various  metals  for  the  discs  in  the 
original  instrument.  These  rings  consist  of  iron,  copper, 
brass,  zinc,  tin,  lead,  bismuth,  and  antimony,  which  fit  one 
into  another,  and  are  soldered  together  in  the  order  they  are 
named,  constituting  one  compound  annular  disc,  which  is 
notched  in  eight  radii  from  the  outer  to  the  inner  metal,  as 
represented  by  fig,  17,  plate  II.  When  this  instrument  is  em- 
ployed, the  cQfferent  spring  pieces  are  of  the  same  kind  of 
metal  as  that  against  which  they  rub  on  the  face  of  the  disc. 
They  are  fixed  at  one  end  in  a  flat  hole  in  the  revolving  axle 
by  means  of  a  screw  with  a  milled  head,  the  outer  end  pre$sing 
against  the  face  of  the  disc.  With  this  apparatus  the  spring 
pieces  have  to  be  changed  with  every  variation  of  the  experi- 
ment, in  precisely  the  same  manner  as  with  the  original  instru- 
ment; but  the  rings  forming  the  compound  disc  admit  of  a 
greater  variety  of  metals  than  by  having  a  complete  disc  of 
each  kind,  ana  the  instrument  is  much  more  elegant.  Find- 
ing also  that  the  sparks  are  much  finer  when  the  spring*  moves 
over  the  disc  at  a  moderate  than  a  great  speed,  1  have  done 
away  with  the  multiplying  wheel  and  bands,  which  are  always 
troublesome  to  keep  in  order;  so  that  now  the  revolving 
springs  are  attached  to  the  same  axle  as  the  handle  or  winch 
is  attached  to. 

Third  Instrument.  This  form  of  the  apparatus  affords  a 
better  opportunity  of  comparing  the  different  coloured  light 
exhibited  by  the  deflagration  of  the  various  metals  on  the 
face  of  the  disc  than  any  other  form  I  have  yet  given  to  }t; 
because  of  the  deflagration  of  the  whole  of  them  going  on  at 
one  and  the  same  time.  The  face  of  the  disc  over  which  the 
springs  pass  is  represented  by  fig.  1 8,  plate  II.  The  disc 
itself  is  of  brass ;  its  face  being  studded  with  those  metals 
whose  electro-deflagrations  are  intended  to  be  exhibited.  The 
metallic  studs  are  arranged  on  the  face  of  the  disc  in  two  semi- 
spirals,  as  seen  in  the  figure.    These  studs  are  soldered  to  the 
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face  of  the  disc^  and  rise  about  a  quarter  of  an  inch  above  its 
plane,  or  stand  in  relief  about  that  much.  These  studs  are  of 
the  following  metals^  and  stcuid  upon  both  sides  of  the  face  of 
the  disc,  from  the  margin  towards  the  centre,  in  the  order  they 
are  named.  They  are  iron^  i,  copper^  Cy  brass,  b,  zinc,  z, 
silver,  s,  antimony,  a,  tin,  t,  bismuth,  b.  The  initial  letters 
indicate  the  position  of  the  respective  metals.  The  disc  is 
fixed  vertically  to  a  pillar  attached  to  the  coil  apparatus ;  and 
a  spindle,  a,  furnished  with  a  winch  behind,  passes  through 
the  central  opening  to  some  distance  in  front.  To  that  part 
of  the  spindle  projecting  in  front  of  the  disc,  and  at  right 
angles  to  it,  is  attached  a  metal  arm,  which  carries  eight  steel 
springs.  These  springs  are  fixed  to  the  arm  at  distances  from 
the  centre  of  motion,  corresponding  to  those  of  the  metallic 
studs,  which  they  are  intended  to  touch.  The  outermost 
spring  is  steel  throughout;  and  reaches  to  the  iron  or  steel 
studs  i  i.  The  next  spring  is  tipped  with  copper,  and  reaches 
to  the  copper  studs  c,  c.  The  next  spring  is  tipped  with  brass 
and  reaches  to  the  brass  studs  b,  b.  The  next  spring  is  tipped 
with  silver  and  reaches  to  the  silver  studs  s,  s:  and  so  on  fqr  all 
the  rest.  The  springs  are  fixed  to  the  arms  in.  one  plane  which 
passes  through  the  plane  of  its  axis. 

With  this  arrangement  it  is  obvious  that  if  the  springs  be 
rotated  in  the  direction  of  the  arrows,  and  commence  from  a 
vertical  plane,  one  of  the  iron  or  steel  studs  will  be  the  first  at 
which  the  circuit  will  be  opened.  Hence  a  brilliant  fiery 
scintillation  will  be  seen  at  the  ed^e  of  that  stujd ;  but  the 
moment  that  the  steel  spring  has  quitted  its  fellow  stud,  the 
copper  spring  comes  in  contact  with  the  copper  stud ;  and  when 
the  copper  spring  has  quitted  its  stud,  the  brass  spring  comes 
in  contact  with  the  brass  stud:  and  in  this  manner  the  springs 
shut  and  open  the  circuit  with  their  respective  studs,  in  regu- 
lar succession,  from  the  outermost  to  the  innermost  metal, 
through  one  half  of  the  circuit.  When  one  half  of  the  revo- 
lution is  completed,  the  other  series  of  studs  are  brought  into 
play,  closing  and  opening  the  battery  circuit  in  the  same 
regular  succession  as  the  former  series. 

When  the  springs  revolve  over  the  studs  in  the  opposite 
direction,  the  series  of  metallic  contacts  are  in  the  reverse 
order. 

No  language  can  convey  a  proper  idea  of  the  beauty  of  an 
experiment  with  this  apparatus,  when  attached  to  a  good  coil 
and  battery.     It  must  be  seen  to  be  understood. 
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VIII.  Homogeneam  Attraction  of  Electricity,  By  Charles 
Griffin,  Esq.* 

T  beg  leave  to  premise  that,  where,  in  the  following  obser- 
vations I  ihay  appear  to  assert  anything  positively,  which  is 
but  an  inference,  I  mean  only  to  say  that  so  it  appears  to  me 
at  present,  uiienlightehed  as  I  am  by  the  assistance  and  un- 
corrected by  the  criticism  of  others.  I  am  anxious  not  to 
appear  in  any  degree  dogmatical,  but  quite  open  to  receive, 
with  pleasure,  the  friendly  correction  of  my  views  from 
others  who  are  more  experienced  in  science.  I  feel  deeply 
impressed  with  the  truth  of  Voltaire's  observation  that 
*^Oiiand  on  a  fait  une  experience,  le  meillieur  parti  est  de 
douter  long  tems  de  ce  qu'on  a  vu,  et  de  ce  qu'on  a  fait." 

There  are  several  phenomena  in  electricity,  which  induce 
me  to  suppose  that  in  its  ordinary  state  it  is  more  analogous 
to  liquids  than  gases;  and  what  I  am  about  to  advance  in 
favour  of  its  homogeneous  attraction  I  think  tends  to  establish 
that  view  of  its  nature,  and  consequently  to  remove  the  com- 
mon idea  of  electrical  atmospheres. 

Many  persons,  in  speaking  of  electricity  as  a  fluid,  I  think 
regard  it  as  a  liquid,  almost  without  knowing  that  they  do  so. 

Several  of  the  every-day  appearances  in  electrical  experi- 
ments appear  to  offer  very  strong  evidence  in  favour  of.  the 
homogeneous  attraction  and  liquidity  of  electricity.  Thus  the 
ordinary  spark  in  the  discharge  of  a  battery  passes  in  one  full 
round  stream,  and  does  not  appear  to  swell  out  in  the  middle 
as  we  might  expect  it  would  if  there  were  repulsion  amongst 
its  own  particles.  Such  a  stream  will  pass  many  inches 
through  a  vacuum  without  showing  any  sign  of  repulsion,  but 
quite  the  reverse. 

Again,  the  beautifiil  streams  that  pass  across  the  electrifying 
machine  exhibit  just  such  appearances  as  we  might  expect 
from  a  fluid  possessing  the  power  of  homogeneous  attraction. 
These  streams  attract  to  themselves  the  particles  of  electricity 
from  a  considerable  distance  on  each  side  their  whole  path, 
and  thereby  evidently  increase  considerably  in  size  all  the 
way  to  the  rubber.  This  of  itself  seems  almost  a  sufficient 
proof  of  homogeneous  attraction. 

ITie  sparks  at  each  link  of  a  chain  through  which  a  battery 
is  discharged,  bear  also  strong  testimony  to  the  same  effect. 
Each  of  these  sparks  when  examined  by  itself  appears  to  con- 
sist of  a  number  of  spirts  or  splashes  of  the  electrical  liquid, 

♦  Read  before  the  London  Electrical  Society  on  Saturday, 
June  2,  1838. 
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each  spirt  having  a  small  ball  at  its  extremity,  and  appearing 
much  like  a  Snail's  horn,  as  though  the  spirt  when  its  pro- 
jectile force  was  exhausted  began  to  return  into  itself  and 
form  a  ball  at  its  extremity,  just  as  we  might  expect  from  a 
fluid  possessing  the  power  of  nomogeneous  attraction. 

In  this,  and  all  other  experimcAts,  where  there  is  a  loud 
report,  and  a  momentary  glimpse  only  can  be  obtained  of  the 
effects,  it  is  advisable  to  close  the  ears  during  the  moment  of 
discharge. 

The  diffusion  of  electricity  in  air  and  in  vacuo  forms  no 
objection  to  its  possessing  homogeneous  attraction ;  for  such 
liquids  as  water,  and  mercury,  and  even  solid  metals,  take  the 
form  of  vapour  at  low  temperatures,  notwithstanding  their 
powerful  homogeneous  attraction,  and  they  exactly  agree  in 
this  with  electricity,  for  they  take  the  vapourous  form  more 
readily  in  vacuo  than  in  pleno.  The  spirts  or  splashes  of 
electricity  passing  along  a  chain  sometimes  appear  to  take 
this  form  of  vapour  or  spray.  This  spray  and  even  the  spirts 
may,  and  the  latter,  I  believe,  have  been  by  some  attributed 
to  particles  of  metallic  oxide,  red  hot,  flying  off  from  the 
chain. 

In  a  beautiful  experiment  of  Beccaria,  the  vaporization  of 
electricity  is  readily  exhibited  on  a  ball  of  two  inches  diameter 
in  vacuo. 

I  long  since  devised  the  following  experiment  on  homo- 
geneous attraction,  but  was  unable  to  try  it  for  want  of  an 
air  pump,  till  February  last.  The  sectional  sketch  of  my  ap- 
paratus, Plate  IV.  fig.  26,  may  serve  to  illustrate,  a  a,  bo, 
are  metallic  caps  cemented  on  c  c,  a  glass  tube  about  nine 
inches  long^  and  d  d,  are  short  metallic  tubes  soldered  into  the 
cap  a  a  to  receive  e  e,  ff^  two  glass  tubes  projecting  each  way 
about  two  inches  from  the  metallic  tubes,  jo  1,  p%  are  two 
wires  inclosed  in  the  glass  tubes,  even  with  their  inner  ends  but 
projecting  beyond  their  outer  ends.  The  inner  ends  are  about 
one  inch  and  a  quarter  apart.  A,  is  a  metallic  tube  and  ball 
between  six  and  seven  inches  from  the  inner  ends  of  the  wires 
JE>1,  and  JO  2. 

The  wires  are  cemented  into  the  glass  tubes  e  e,  ff,  and 
those  into  the  metallic  tubes.  The  cap  h  b,  is  frirnished  with 
a  contrivance  for  applying  the  apparatus  to  the  air  pump  to 
exhaust  it. 

I  use  two  batteries  of  about  two  square  feet  each,  made  of 
common  wine  bottles,  their  exterior  coatings  insulated  suffici- 
ently from  each  other  to  prevent  a  spark  passing  from  one  to 
the  other,  and  one  of  these  is  connected  with  the  wire  p  1, 
and  the  other  with  p  2. 
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The  inner  coatings  of  the  batteries  are  connected  with  the 
rubber  insulated.  Both  being  charged  negatively  inside^  are 
discharged  at  once  by  connecting  one  end  of  the  discharging 
rod  with  the  cap  h  b,  and  bringing  the  other  into  contact  with 
the  conductor  which  connects  together  the  interior  coatings 
of  the  two  batteries. 

By  this  means  the  two  currents  pass  separately  and  simul- 
taneously from  e  and  f^  but  coalesce  before  they  reach  A, 
although  their  momentum  in  passing  into  the  vacuum  might 
be  expected  to  resist  such  coalition.  If  there  were  neither 
momentum  nor  homogeneous  attraction^  the  two  currents 
ought  to  move  in  straight  lines  directly  towards  the  centre  of 
the  ball  A.  If  there  were  repulsion^  they  ought  to  form  curves 
.with  their  concave  sides  towards  each  other  and  enter  the  ball 
h  on  opposite  sides. 

My  glass  tube  cc,  i&  about  two  inches  diameter^  but  it 
should  be  four  or  five  inches  to  prevent  the  glass  attracting 
the  currents  which  it  sometimes  does.* 

i  have  since  made  about  70  or  80  experiments  in  air,  by 
passing  the  discharges  of  electricity  over  the  surface  of  cards 
capable  of  receiving  a  permanent  mark  thereby.  In  the  first 
thirty-seven  of  these  experiments,  I  used  the  batteries  before- 
inentioned,  arranged  in  the  same  manner,  andbatteri^  of  four 
feet  surface  each,  in  the  others.  A  piece  of  small  copper  bell 
wire,  about  six  or  seven  inches  long,  proceeded  from  each  ex- 
terior coating,  so  that  I  could  ap^ly  the  loose  end  to  any  part 
of  a  card  in  order  to  cause  a  hole  in  it,  or  marks  upon  it  by  a 
discharge. 

For  the  negative  pole,  I  used  sometimes  a  piece  of  wire 
similar  to  the  before-mentioned,  and  sometimes  a  metallic 
plate.  The  cards  I  used  were  the  common  white  and  yellow 
enamelled  visiting  cards.  The  marks  on  the  white  cards  are 
generally  black  in  the  middle  wheiji  first  made,  but  afterwaids 
frequently  fade.  The  following  experiments  may  suffice  to 
illustrate,  p  and  n  on  the  figures  will  usually  signify  the  posi- 
tive and  negative  poles.  When  neax  an  arrow  they  will  sig- 
nify which  current  passed  there.  1,  2,  or  3,  added  to  p  or  », 
wiU  signify  the  first,  second,  or  third  positive  or  negative  pole 
or  current.     An  arrow  pointing  towards  a  hole  will  show  that 

*  I  may  be  excused  noticing,  en  passant,  that  this  attraction  of  the 
glass  suggests  a  probable  mode  of  determining  the  relative  attraction 
of  different  substances  for  electricity.  Would  not  equal  plates  or 
balls  of  different  substances,  placed  by  the  aid  of  micrometer  screws 
at  the  precise  distance,  enabling  them  to  attract  to  themselves  an 
electrical  current  of  a  c<Histant  quantity  and  intensity,  furnish  a  trae 
measure  of  this  power  of  attraction  ? 
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Ibe  current  went  through  it.     If  from  a  hole,  that  the  current 
came  through  it. 

Experiment  1,  made  18th  March,  1838.  Plate  IV.  fig.  27 
a  6  c,  is  a  notch  cutout  of  a  card  with  the  intention  of  prevent- 
ing the  current  from  one  positive  pole  being  drawn  by  the  metal 
of  the  other  out  of  its  course,  supposing  that  if  the  ^currents 
coalesced  at  some  distance  from  the  poles,  it  could  only  be 
due  to  the  mutual  attraction  of  the  currents.  It  appears  by 
the  track  left  by  the  fluid  that  the  two  currents  coalesced  by 
the  current  pi,  passing  through  the  air  across  the  notch  to 
the  current  p  2,  which  it  seems  to  have  forced  out  of  its  direct 
path,  and  caused  it  to  divide  into  three  currents  at  j^,  two  of 
them  rejoining  almost  immediately  at  g.  The  third  appears 
to  have  been  attracted  back  again  by  the  united  first  and 
second,  and  by  its  momentum,  to  have  crossed  that  part  at 
i,  and  finally  to  have  coalesced  with  it  and  passed  to  the  n 
pole. 

Experiment  4,  fig. 28,  abed  represent  a  notch  in  the 
card  larger  than  in  experiment  1,  and  for  more  eflfectually 
answering  the  same  purpose.  2p  appears  to  have  made  a 
mark  at  starting,  to  have  afterwards  passed  just  under  the 
notch  to  the  1  p  current,  which  was  first  attracted  and,  after 
joining,  thrown  out  of  its  course  by  the  momentum  of2jp. 
In  this^  and  experiment  1,  a  small  spirt  appears  bX  eee^  as 
it  generally  does  where  the  fluid  suddenly  changes  its  course, 
as  might  be  expected  from  the  fluid  possessing  momentum. 

Experiment  14.  20th  March,  fig.  29.  Notch  as  before. 
Avery  curious  experiment.  2p  makes  a  dot  as  is  often  the  case 
at  the  pole,  then  darts  through  the  air  across  the  notch  to  its 
left  hand  comer,  in  doing  so  it  appears  to  have  attracted  a 
small  portion  of  the  1  p  currents  This  portion  and  the  2p 
current  appear  then  to  cross  each  other  by  their  momentum, 
and  by  their  concussion  to  make  a  broad  blotched  mark 
fainter  than  those  made  by  the  direct  currents. 

Experiment  15,  fig.  30.  The  lines  show  the  notch,  and 
broader  than  in  the  three  former  experiments.  2p  appears  to 
have  passed  through  the  air  across  the  corner  of  the  notch  a 
long  way  out  of  its  direct  course  to  come  at  1  jo,  which  makes 
a  curve  to  meet  it. 

Experiment  18.  Fig.  31.  The  line  a  represents  a  slit  in 
the  card :  the  two  corners  formed  by  it  were  turned  up  per- 
pendicular to  the  general  surface  of  the  card,  forming  creases 
where  the  two  other  black  lines  are.  The  dotted  line  shows 
the  deviation  of  the  2p  current  from  a  right  line.  That  cur- 
rent appears  to  have  forced  holes  at  e  and  2,  and  passed  through 
both  the  raised  corners  of  the  card  to  get  at  the  other  current. 
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or  that  both  currents  passed  through  one  hole,  each  to  meet 
together  between  the  turned  up  corners. 

Experiment  19,  fig.  32.  The  part,  a  a,  of  the  card  about 
one-tenth  of  an  inch  high  across  the  whole  breadth  of  the 
notch  was  raised  perpendicularly.  This  appears  to  have 
driven  the  2p  current  under  the  card,  where  it  divided  into 
three  currents;  one,  the  larger  current,  coming  through  a 
hole  which  it  made  at  ^ ;  a  fainter  current  coming  through  a 
smaller  hole  at  d;  and  a  still  fainter  current  through  another 
hole  at  c.  The  three  small  dotted  branching  lines  show  the 
course  of  the  divided  2p  current  under  the  card.^  These 
three  branch  currents  appear  to  have  been  attracted  by  1  p, 
out  of  their  course,  .in  inverse  ratio  to  their  quantity,  which 
agrees  with  the  laws  of  other  niatter. 

Experiment  20.  Fig.33.  Large  notch  and  small  piece  of 
raised  card,  a  a  a,  as  in  the  last  experiment.  The  two  currents 
appear  to  have  met  in  the  air  where  the  piece  of  card  was  cut 
out,  then  to  have  struck  the  top  of  the  raised  bit  of  card  and 
passed  down  it  and  so  to  ;?. 

Experiment  21.  Similar  notch  to  the  last,  the  2,p  cur* 
rent  nearly  straight  but  one  part  of  the  current  left  the  other 
to  meet  the  1  p  current,  which  it  joined  and  then  returned 
into  the  other  part  of  the  2p  current,  nearer  to  and  about 
half  an  inch  from  the  negative. 

JExperiment  22,  fig.  34.  In  this  and  most  of  the  other 
experiments,  after  the  first  four  or  five,  the  cards  were  fi^ed 
vertically  by  placing  their  lower  edges  in  a  notch  at  the  top 
of  a  small  wooden  pillar,  or  between  pieces  of  glass  placed  in 
the  notch,  abed  show  a  part  of  the  card  included  between 
two  pieces  of  glass  in  order  to  bring  the  attracting  currents  as 
nearly  as  possible  together,,  and  to  remove  any  doubt  as  to  the 
matter  of  one  positive  pole  interfering  with  the  result  by 
attracting  the  current  of  the  other.  Ip  was  placed  on  the 
glass  on  the  side  shown  in  the  figure,  and  2p  opposite  to  it, 
so  that  the  two  currents  had  to  pass  the  first  part  of  their 
course,  divided  from  each  other  by  two  pieces  of  glass  and  a 
card  till  they  reached  e,  where  2p  made  a  hole,  came  through 
and  joined  1  />,  and  with  it  passed  to  /,  where  they  made 
another  hole  to  get  to  the  negative  pole,  which  was  on  the  2p 
side  of  the  card;  here  the  probability  w^  much  against2  p  pass- 
ing through  the  card,  n,  being  on  the  same  side  with  its  pole. 

Experiment  23  and  24.  Similar  to  the  last  in  all  respects, 
except  that  the  2/>  in  passing  through  to  join  Ipi  made  three 
holes  in  experiment  23,  and  two  holes  in  experiment  24. 

Experiment  25,  The  negative  on  the  same  side  as  2p. 
The  glass  on  the  J  jt>,  §ide  came  much  nearer  the  negative  than 
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the  2/1  glass.  The  2p  current  passed  straight  to  the  n.  At 
the  edge  of  the  1  p  glass^  the  I  p  current  came  through  into 
the  track  of  the  2/i^  ahout  the  middle  of  its  length. 

Experiment  26.  The  negative  pole  on  the  Ip  side.  The 
edge  of  the  2p  glass  nearest  to  the  negative^  the  1  p  made  no 
track  till  the  2p  came  through  two  holes  to  join  it,  they  then 
jointly  made  a  track  till  they  caine  opposite  to  and  passed 
through  one  hole  to  the  negative. 

Experiment  27.  Two  cards  included  between  two  pieces 
of  glass  as  in  experiment  22,  and  1  p  and  2p  placed  as  in  that 
experiment;  Tlie  n  pole  between  the  cards  within  half  an 
inch  of  the  edges  of  the  glass.  2p  passed  through  both  cards 
to  1  Pi  both  together  made  a  track  and  passed  through  one 
hole  in  the  1  p  card  to  the  negative* 

Experiment  28.  21st  March.  Six  cards  included  between 
the  pieces  of  glass,  the  negative  pole  between  the  two  middle 
cards. 

The  1  p  pole  a  little  to  the  right  of  the  point  opposite  to 
the  2  p  pole.  The  1  p  current  passed  through  one  card,  then 
turned  very  short  to  the  left 'towards  the  2  p  current,  then 
through  three  other  cards  (thus  passing  the  negative  pole),  it 
there  met  the  2p  current.  The  2p  current  passed  over  part 
of  its  first  card  without  a  mark,  then  divided  its  current ;  then 
the  two  parts  coalesced  and  passed  through  its  first  card  with 
one  hole,  through  its  second  card  niaking  two  holes,  where  it 
joined  the  1  p  current,  and  with  it  passing  between  the  second 
and  third  cards  to  the  point  opposite  the  negative  where  both 
passed  through  the  third  2p  card  to  it.  Between  the  second 
and  third  2  p  cards  where  the  currents  joined  they  made  a 
large  black  mark  half  an  inch  long  and  a  quarter  wide. 

Where  these  large  marks  or  blotches  are  made  it  appears 
the  current  makes  a  strong  black  narrow  track,  and  that  it  is 
the  vapours  and  gases  of  the  card  which  make  the  broader  or 
fainter  portion  of  the  marks'  on  each  side  the  darker  track. 

Experiment  31.  In  this  experiment  half  the  1  p  current 
appears  to  have  left  the  other  half  to  join  the  2p  current,  and 
with  it  to  have  rejoined  the  other  portion  before  it  passed  to 
the  negative. 

Experiments  32,  33,  34,  35,  36,  37,  were  with  the  poles 
reversed,  so  as  to  have  one  positive  and  two  negative  poles. 
In  33  and  35  the  current  of  electricity  appears  to  have  divided 
immediately  it  left  the  p  pole.  In  37  at  about  one-third  of  an 
inch  from  that  pole.  In  32  and  36  about  half  way,  and  in 
34  above  half  way  from  the  p  to  the  n  poles. 

The  separation  of  the  current  in  these  six  experiments  pro* 
duced  a  shorter  and  sharper  snap  than  the  ordinary  report. 
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aiid  appeared  more  like  the  sudden  rending  of  a  strip  of  Indian 
rubber; 

Experiment  40,  fig.  35*  The  dotted  line  shows  the  course 
of  the  n  pole  touching  the  card  on  the  other  side. 

The  2  p  current  first  makes  a  dot,  then  starts  as  though  it 
would  go  to  the  bend  of  the  wire  opposite  to  it.  It  then  makes 
a  large  curve  to  get  at  the  1  p  current  which  makes  a  sudden 
bend  to  meet  it.  At  a  is  the  very  common  appearance  of  a 
spirt  accompanying  a  sudden  change  of  direction,  and  at  6,  a 
light  sputtering  mark  apparently  firom  the  same  cause. 

ExperiiHent  44,  fig.  36.  In  this  the  double  lines  b  b  repre- 
sent furrows  and  the  single  lines  a  a  ridges  in  the  card,  and  a 
third  positive  pole  2p  i&  added  proceeding  from  a  single  pow- 
erful jar  of  nearly  two  square  feet  of  surface.  The  1  p  current 
in  its  way  towards  n  is  suddenly  arrested  and  turns  over  the 
ridge  to  the  2p  current.  The  2p  current  appears  to  have 
gone  to  join  the  3  p  current  but  was  drawn  out  of  that  course 
a  little  way  by  the  1  p  current.  The  3  p  current  probably 
leaped  from  the  ridge  on  its  own  side  through  the  air  across 
the  furrow  to  n.  It  also  Bj^&rs  probable  that  the  coalesced 
1  and  2  j9  currents  joined  it  in  the  air  and  by  their  momentum 
f<»rced  it  out  of  its  straight  line  to  n  as  would  appear  by  the 
direction  {shown  by  the  dotted  line)  of  the  short  track  it  left 
on  the  ridge  there, 

Eocperiment  43  was  with  the  same  batteries  but  with  a  flat 
card.  3jp  made  a  track  nearly  straight  to  a  point  in  the  2/7 
current  near  the  pole.  The  1  p  and  2  p  currents  proceeded 
for  about  half  an  inch  each  towards  n  but  leaning  out  of  the 
straight  lines  joining  their  poles  with  the  n  pde  so  as  to 
approach  each  other.  Then  the  2  p  current  joined  by  the 
^p  current  appears  to  have  darted  into  the  1  p  current  and 
by  its  momentum  forced  that  current  far  a(»*oss  the  line  joining 
ihe  1  p  pole  to  the  n  pole. 

Etxperimen4s  45,  46,  47,  fig.  37.  22d  March.  One  figure 
comprisefii  these  three  experiments.  The  dotted  lines  represent 
ridges  made  by  bending  the  card.  In  experiment  45  the  poles 
were  at  the  points  of  the  arrows  a  a  a,  and  the  marks  s  €,  8fc. 
were  made.  In  this  experiment  it  might  be  thought  Uie 
current  alp  was  attracted  by  the  metal  of  the  pole  a2p* 

For  experiment  46,  the  poles  were  then  {da<)ed  at  the  points 
of  the  arrows  b  b  6,  but  the  battery  2  was  disconnected  from 
the  joint  ccmductor,  and  the  battery  1  only  charged  and  .dis- 
charged. The  current  b  Ip  made  the  mark  :r:r  a?  by  which 
it  appears  it  did  not  in  this  experiment  deviate  near  so  &r 
from  a  straight  line  to  the  negative  as  a  I  je^  did  in  experiment 
45,  and  as  it  will  be  seen  it  did  in  experiment  47« 
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For  efxperibnent  47,  pole6  in  the  same  places  as  in-experimont 
46,  both  batteries  discharged  as  in  experiment  45,  and  dke 
tracks  AAA  made. 

The  attraction  of  the;  currents  seems  pretty  evident  from  this 
experiment.  b\p\&  firdt  attracted  towards  the  pok  b  n,  then 
(probably  on  the  appearanee  of  the  first  portion  of  the  current 
b  2p),  is  drawn  aside  towards  the  pole  b  2  J7,  then  on  the  ear- 
rent  b2p  having  stretched  towards  6  n  is  attracted  towards  a 
point  of  that  current  nearer  io  bn^  then  divides  into  three  by 
the  opposite  attractions  of  the  one  portion  of  the  current  b2p 
nearest  to  the  pole  b2  p,  and  the  other  portion  nearest  to  b  n. 
Tbe  current  b  Up  aj^eats  to  h^ve  been  drawn  out  of  its  oourse 
to  meet  the  three  branches  of  the  oaitentb  Ip, 

Estperiments  48, 49,  50,  fig.  38.  The  poles  in  each  experi- 
ment on  the  sameplax)es  on  the  same  card.  The  three  dotted 
lines  were  slight  ridges  as  in  former  exprnments.  In  48  and 
dO,  the  2  p  battary  was  disoonnected  from  the  negative  prime 
conductor,  and  fiie  1  p  only  charged  and  discharged,  making 
the  tracks  a  a  a.  In  49,  both  batteries  charged  and  dischai^^ 
making  the  coalescing  tracks  xx'is, 

EsopeHmeMt  51,  fig.  39.  This  seems  a  very  imptnrtant 
experiment.  1  p  was  under  the  card  at  the  point  ^/^,  the  dot« 
nt/gh  a  be  indicate  the  marke  made  by  the  currents  under 
the  cards.  The  double  curve  line  at  n  r^esents  the  wire 
negative  pole  formed  into  a  single  bow.  The  2p  cutr^it  is 
drawn  suddenly  out  of  its  course  leaving  the  usual  spirt  at  d. 
The  I'p  current  increasing  in' length,  its  centre  of  attmction 
is  removed  nearer  to  n  and  causes  a  bend  in  the  2p  current 
at  e.  The  larger  portion^of  the  2  p  current  tJien  paBaes 
throu^  the  card,  making  a  hole  at  a.  A  smaller  pbrtion  ia 
{prevented  by  momentum  from  doing  the  same  land  passes  on 
and  divides :  the  n|^r  portion,  fks  if  attracted  by  the  larger 
portion  already  passed  through,  passes  also  through  at  b  mta» 
and  rejoins  it.  T^e  lower  portion  by  its  mcffioentain  and  the 
attraction  oin  is  cnrved  downwards  a  little  way,  but  isgradually 
tuatied  back  towards  the  larger  pcnrtion  of  the  2^'Cuitent,  and 
the  \p  current,  all  under  the  card,  and  passes  through  ^ad 
jcnns  them  ate.  The  wh<de  of  both  currents  now  pasa  on 
under  the  card,  making  the  short  maar k,  indieated  by  data,  at 
h,  and  come  thorough  to  the  negative  by  «ialtigig  the  hote  at 
the  wire. 

Herfe  th^  homogexteoufi  iottraction  by  a  fortuoate  accident 
was  eKcrcised  by  di%rent  portions  of  the  smne  cunent  upon 
each  other. 

Experiments  SSI  and  54.  The  wires  were  placed  as  in  51. 
In  each  case  the  current  starting  on  the  saote  aide  as  the 


44  Mr.  GriiEn^  on  the  homogeneous  attraction  of  electricity. 

negative  curved  pole  passed  through  the  card  about  half  its 
way  to  that  pole  to  join  the  other  current,  and  then  both 
passed  through  at  the  negative  pole. 

Experiment  58.  The  same  arrangement,  2p  reached  the 
curved  pole  n  where  it  touched  the  edge  of  the  card  on  the  1  p 
side.  The  \p  current,  in  making  a  bend  to  gelt  at  the  2p 
current,  divided;  but  the  two  portions  rejoined  and  came  down 
to  the  n  pole  without  reaching  the  2p  current. 

Experiment  55.  Same  arrangement.  I  p  came  through 
about  half  way  down  to  join  2p,  and  then  passed  to  the  n 
which  was  on  that  side. 

Experimented,  fig.  40.  abed  show  the  boundary  of  a 
piece  of  glass  between  two  cards ;  1  p  was  placed  on  the  card 
as  shown;  2p  on  the  other  side  the  card  and  glass  opposite 
the  point  so  marked.  The  negative  was  a  small  curved  wire 
between  the  edges  of  the  cards  as  marked  at  n.  Ip  appears 
to  have^made  several  attempts  to  reach  the  2p  current  which 
was  under  the  cards  and  glass,  and  made  and  passed  through 
holes  in  its  own  card  at  the  points  of  the  arrows  e  and /before 
it  reached  the  edge  of  the  glass.  It  then  marked  the  other 
side  of  the  card  beneath  the  dotted  line  to  the  edge  of  the 
glass  at  g^  where  it  passes  through  to  meet  2p ;  2p  made  no 
mark  on  its  own  card  till  it  was  joined  by  1  p,  when  the  joint 
current  made  a  mark  from  the  edge  of  the  glass  till  opposite  n 
where  it  passed  through  the  2p  card  to  the  negative  between 
the  cards. 

Experiment  57,  fig.  41.  ab  kl,  the  edges  of  a  piece  of 
glass  between  two  cards  as  in  experiment  56;  1  p  as  it  appears ; 
2p  beneath  the  unseen  card  at  h.  The  n  between  the  cards  at 
1.  The  line  h  i  shows  the  course  of  the  2p  current  outside  the 
unseen  card.  Ip  current  divides,  and  the  upper  portion  makes 
two  bends  to  reach  2p,  and  passes  through  the  1  p  card  at  g. 
Part  of  the  lower  portion  of  1  p  passed  through  at  e,  the  other 
part  does  the  same  at  y,  and  rejoins  the  part  which  passed 
through  at  e.  The  upper  and  lower  portions  then  make  sepa- 
rate tracks  under  the  seen  or  Ip  card,  and  pass  through  the 
unseen  ot  2p  card  a  little  way  under  the  glass  by  separate 
holes  opposite  the  respective  intersections  of  the  two  small. 
crosses ;  they  there  join  the  2p  current  and  pass  along  the 
outside  of  the  unseen  ot  2p  card,  and  through  it  opposite  i  to 
the  negative  pole. 

Experiment  59,  was  made  with  four  cards  placed  so  as 
to  form  one  square :  over  them  were  sprinkled  brass  filings. 
All  the  poles  on  the  upper  side  1  p,  about  four  inches  from  2p 
and  both  from  n  between  five  and  six  inches.  The  two  cur- 
rents coalesced  about  an  inch  from  n. 
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Experiment  60.  Similar  arraugement,  except  that  \p 
and  2p  were  about  three  inches  apart^  and  each  four  inches 
from  n:    The  currents  coalesced  about  half  way. 

Experiment  Q5,  fig.  42.  The  wire  p  poles  were^  bent 
about  half  an  inch  from  their  ends^  so  as  to  point  fi^om  each 
other;  the  1  p  pole  placed  as  marked ;  and  the  2 p  pole  beneath 
the  point  so  marked.  The  n  pole  was  the  edge  of  a  round 
plate  of  tinned  iron,  nnn,  lying  on  the  cam.  The  dark 
mark  a  b,  the  spot  between  the  arrow  point  and  that  d^ k 
mark,  and  the  dark  mark  c,  were  all  made  under  the  card. 
The  1  p  current  made  a  very  faint  mark,  and  passed  partly 
through  the  hole  shown  near  the  arrow  point,  and  partly  round 
the  edge  of  the  card  to  join  the  current  2  p. 

Experiment  66,  fig.  43.  nnn  the  edge  of  the  circular 
plate  used  in  experiment  65.  2p  beneath  the  card  where  it 
made  a  track,  indicated  by  the  dotted  line,  and  came  partly 
through  the  three  holes  at  a  and  the  one  at  6,  where  it  only 
left  a  small  trace,  as  shown,  and  that  after  coming  through. 
The  shivered  appearance  of  the  joint  current  says  much  for  mo- 
mentum, concussion,  homogeneous  attraction,  and  liquidity. 

If  the  above  observations  and  experiments  are  not  con- 
sidered sufficient  to  establish  the  existence  of  the  power  of 
homogeneous  attraction  in  electricity,  I  have  other  experiments 
devised,  varying  the  above  methods.  Probably  very  Icmg 
and  large  marks  might  be  obtained  by  dischai^ies  over  pr 
between  prepared  cards  or  glass  in  vacuo.* 

Leamington  Spa,  Warwickshire, 
May  12,  1838. 

4  • 

IX.  Report  as  to  the  safety  and  efficiency  of  the  invention 
of  Joyce's  Patent  Heating  Apparatus.  By  J,  T.  Cooper, 
Esq.  Consulting  Chemist  to  the  Polytechnic  Institution, 
Lecturer  on  Chemistry  and  Medical  Jurisprudence,  8fc. 
and  William  Thomas  Br  and  e,  Esq.  F.lLs.  Professor 
of  Chemistry  in  the  Royal  Institution, 

In  compliance  with  your  letter  addressed  to  me  on  the  10th 
of  March  last,  I  have  undertaken  an  investigation  of  Joyce's 
Heating  Apparatus,  in  relation  to  its  heating  powers,  the 
quantity  of  fuel  consumed  in  a  given  time  to  produce  in  an 
appropriate  room  a  certain  increase  of  heat,  also  the  amount 
of  contamination  the  air  of  the  room  sustains  in  a  certain  time, 

♦  Mr.  Griffin's  paper  was  accompanied  by  a  great  many  of  the 
identical  cards  on  which  the  experiments  were  made. — Edit. 
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as  likewise  the  deterioration  erf  the  air  by  the  combustiou  of 
oil,  tallow,  spernoaceti,  stearine,  and  gas,  with  the  view  of 
estimating  the  comparative  injurious  eifects  of  Joyce's  stoves^ 
aad  of  other  methods,  by  which  heat  as  well  as  light  are 
produced ;  and  also  of  the  amount  of  contamination  the  air 
undergoes,  ia  places  where  a  number  of  individuals  are  con- 
gregated, and  in  which  no  injurious  effects  are  found  to  occur. 
,  In  the  outset  I  may  state,  that  the  room  in  which  the 
experitnents  heve  been  conducted,  is  nearly  14  feet  long,  13 
feet  wide,  ^nd  12  feet  high,  and,  consequently,  contains  about 
2000  cubic  feet.  It  has  a  chimney,  and  a  peculiarly  accurately 
fitted'  and  well  constructed  register  stove,  which,  when  shut, 
effectually  closes  its  lower  aperture.  Whenever  a  particular 
trial  was  to  be  made,  bags  of  sand  were*placed  on  the  juctions 
of  the  window  sashes,  and  also  at  the  bottom  of  tha  doors, 
and  every  precaution  taken  to  make  it  as  air  tight  as  could  be. 

I  find  that  one  of  Joyce's  stoves,  the  internal  cylinder  of 
which  is  six  inches  in  diameter  and  fifteen  inches  high,  with 
an  invert^  cone,  having  twelve  holes,  each  a  quarter  of  an 
inch  in  diameter,  bums  three  ounces  «f  the  prepared  fi^el  pea- 
hour,  when  the  regulating  apertures  at  the  top  are  quite  open; 
in  one  instance,  with  a  partiqular  kind  of  fuel  (sueh  as  is  nat 
.commonly  sold)  it  burnt  three  ounces  and4-10ths. ;  but  taking 
the  average  of  a  great  number  of  trials  carried  on  for  daya, 
its  rate  of  burning  is*  a  fraction  less  than  three  ounces  per 
hour ;  but  in  all  cases  the  combustion  proceeds  without  pro- 
ducing any  of  the  unpleasant  odour  that  occurs  when  charcoal 
of  the  ordinary  kind  is  burnt  in  a  similar  manner* 

In  one  instance,  the  stove  was  kindled,  and  at  eleven  o'clock 
in  the  evening  was  placed  in  the  above-named  room,  the 
temperature  of  which  was  62  degrees  Falir. ;  the  room  was 
then  closed,  and  not  entered  till  ten  o'clock  the  following 
morning;  I  then  remained  in  the  room  about  an  hour,  the 
doors  and  windows  being  kept  closed,  and  found  that  exactly 
thirty-six  ounces  avoirdupoise  of  the  fuel  had  been  consumed ; 
and  on  testing  the  air  taken  from  the  upper,  lower,  and  middle 
parts  ol  the  room,  the  greatest  quantity  of  carbonic  acid  con- 
tained wcms  three  quarters  per  cent.  The  temperature  had 
increased  to  72J  degrees  Fahr. 

In  another  experiment,  the  stove  wp-s  allowed  to  bum  fifteen 
hours  in  the  closed  apai:tment>  and  at  the  end  of  that  time, 
it  had  consumed  forty -four  ounce*  and  a  half  of  fiiel ;  and 
the  air  of  the  room  on  being  tested  for  carbonic  acid,  as  before, 
was  found  to  contain  less  than  one  per  cent,  and  the  tempera- 
ture had  increajsed  13  degrees* 
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.  These  experiments  have  beeu  made  repeatedly^  and  always 
with  the  same  results^  excepting  some  slight  differences  in  the 
increase  of  heat. 

It  can  be  demonstrated  as  follows,  that  each  ounce  of  pure, 
charcoal,  when  burnt,  will  produce  a  little  less  than  two  cubic 
feet  of  carbonic  acid :  for,  one  hundred  cubical  inches  of 
carbonic  acid  is  estimated  to  weigh  47  grains,  and  every  22 
grains  of  carbonic  acid  is  known  to  contain  6  grains  of  carbon ; 
then  as  22  is  to  6,  so  is  47  to  12*82,  which  is  the  weight  (^ 
the  carbon  contained  in  100  cubical  inches  of  carbonic  acid ; 
then  if  100  cubical  inches  of  carbonic  acid  contain  12*82  of 
carbon,  1728  cubical  inches,  or  one  cubic  foot,  will  contain 
221*53  grains  of  carbon :  again,  if  221*53  grains  of  carbon  be 
contained  in  one  cubic  foot  of  carbonic  acid,  one  ounce 
avoirdupoide  or  437 '5  grains  will  be  contained  in  1*97  cubic 
feet,  which  is  so  nearly  two  cubic  feet,  that,  for  my  presmt 
purpose,  it  may  be  said  that  one  ounce  of  pure  charcoal  will 
produce  two  cubic  feet  of  carbonic  acid. 

If  no  change  in  the  m  of  the  apartment  had  occurred  in  the 
two  cases  before  related,  there  should  have  been  present  in 
the  first  instance  72,  and  in  the  latter  89  cubic  feet  of  carbonic 
acid,  which  would  have  made  the  per  centage  3*6,  and  4*45 ; 
whereas,  in  both  cases,  it  was  less  than  one  per  cent,  thereby 
showing,  that  whatever  care  may  be  bestowed  to  render  a 
room  air  tight,  that  it  is  not  possible  to  accomplish  it  so 
completely  as  to  prevent  the  escape  of  the  warm  air,  through 
minute  pores  and  crevices  from  the  upper  parts  of  the  room, 
and  the  entrance  of  the  cooler  air  at  the  bottom,  for  in  no 
other  way  am  I  able  to  account  for  the  difference  observed  in 
the  quantity  of  carbonic  acid  produced,  and  that  detected  in 
ibe  air  oi  the  room. 

An  imperial  pint  of  good  sperm  oil  will  butn,  in  a  well 
trimmed  Argand's  lamp  of  tlh^  ordinary  sise,  about  twelve 
hours ;  but  I  find  by  my  analysis,  that  a  pint  of  such  oil  con- 
tains 6333  grains  of  carbon,  or  nearly  14*5  ounces  avoirdupois, 
-malting  the  quantity  of  carbon  consumed  in  one  hour,  a  trifle 
more  than  1'2  ounce;  which,  as  I  have  shown  above,  is 
equivalent  to  the  production  of  2*4  cubic  feet  of  cari^ontc 
acid*.  It  will  follow  from  this,  that  two  such  table  lamps 
burning  together  will  produce  nearly  as  much  carbonic  acid 
in  the  same  time,  as  one  of  Joyce's  stoves,  such  as  I  have  used 
it^  my  experiments,  and  which  I  have  before  stated  to  be 
ediqited  for  warming  an  apartment,  containing  about  2000 
GuJbi^e  feet  of  air. 

A  moulded  tallow  candle  (long  four)  burns,  on  the  average 
at  some  hours,  122  grains  of  tallow  per  hour ;  but  m  122 
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grains  of  tallow  therie  are  about  95  grains  of  carbon,  con- 
sequently, about  fourteen  such  candles  burning  together  would 
produce  as  much  carbonic  acid  in  the  same  time  as  the  Joyce's 
stove  to  which  I  have  before  alluded. 

A  spermaceti  candle  of  the  same  size,  will  burn  in  one  hour 
129  grains  of  spermaceti;  but  in  129  grains  of  spermaceti 
there  are  about  100  grains  of  carbon,  consequently,  about 
thirteen  such  candles  burning  together  will  produce  in  the 
same  time  as  much  carbonic  acid  as  the  Joyce's  stove. 

A  stearine  candle  of  the  same  size  will  burn  in  an  hour 
156  grains  of  that  substance ;  but  in  156  grains  of  stearine, 
there  are  about  121  grains  of  carbon,  consequently,  eleven  of 
such  candles  burning  together  will  produce  as  much  carbonic 
acid  in  the  same  time,  as  the  Joyce's  stove. 

Another  stearine  candle  from  a  different  maker  with  a 
larger  wick,  but  of  the  same  weight,  (long  four)  will  burn  175 
grains  in  an  hour ;  but  in  175  grains  of  stearine  there  are  about 
1 36  grains  of  carbon,  consequently,  between  nine  and  ten  of 
such  candles  burning  together,  will  produce  as  much  carbonic 
acid  in  the  same  time,  as  the  Joyce's  stove. 

Coal  gas  of  average  quality,  I  have  found  to  produce  by 
burning  0*6  of  its  bulk  of  carbonic  acid ;  an  ordinary  coal  gas 
burner  on  the  Argand's  principle,  having  fifteen  holes,  will 
consume  5  cubic  feet  of  gas  per  hour ;  six  tenths  of  five  are 
three,  therefore,  three  cubic  feet  of  carbonic  acid  would  result 
firom  one  such  light,  consequently,  two  such  gas  lights  burning 
together,  will  produce  exactly  the  same  quantity  of  carbonic 
acid  as  the  Joyce's  stove. 

But,  independently  of  the  formation  of  carbonic  acid,  all 
the  common  combustibles  last  named,  contain  such  excess  of 
hydrogen  as  tends  to  the  further  deterioration  of  the  air,  by 
the  abstraction  of  an  additional  portion  of  its  oxygen,  so  as 
to  leave  an  excess  of  residuary  nitrogen,  which,  of  itself,  is 
nearly  as  deleterious  as  carbonic  acid;  the  air,  therefore, 
which  issues  from  the  glasses  of  Argand,  oil,  or  gas  lamps,  or 
from  the  flames  of  candles,  will,  if  received  into  a  proper 
veasel,  by  which  the  entire  products  of  combustion  may  be 
collected,  prove  equally,  if  not  more,  deleterious  to  animal  life, 
than  that  which  results  from  the  combustion  of  an  equivalent 
quantity  of  charcoal. 

With  a  view  to  determine  the  amount  of  deterioration  the 
air  underwent  in  crowded  assemblies,  I  obtained  some  air 
from  a  chapel  in  my  neighbourhood,  towards  the  close  of  the 
evening  service,  and,  on  examination  in  the  ordinary  way, 
it  was  found  to  contain  a  little  more  than  one  and  a  half  per 
cent  of  carbonic  acid.     In  another  instance,  I  collected  some 
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air  from  the  gallery  of  a  crowded  theatre^  at  eleven  o'clock  in 
the  evening,  about  four  hours  after  the  commencement  of  the 
performances,  and  this  I  have  found  to  contain  about  three  per 
cent,  of  carbonic  acid. 

The  advantage  which  I  conceive  Joyce's  stove  to  possess 
over  the  ordinary  methods  of  burning  charcoal  for  warming 
apartments,  is  the  perfect  control  over  the  rate  of  combustion 
of  the  fuel ;  for  while,  in  a  common  chafing  dish  or  brasier, 
almost  an  unlimited  quantity  of  charcoal  may  be  consumed  in 
a  comparatively  i^hort  space  of  time,  and  liberate  very  suddenly 
a  large  volume  of  carbonic  acid,  which  might  be  prejudicial 
to  health,  if  not  absolutely  dangerous ;  in  these  stoves,  by 
their  peculiar  construction  and  arrangement  of  proper  sized 
apertures,  the  fuel  can  be  consumed  only  at  a  certain  given 
rate ;  and  if  they  be  properly  adjusted  to  the  size  of  the 
apartment  they  are  intended  to  heat,  my  ei^perience  leads  ipe 
to  believe  that  no  injurious  consequences  can  arise  from  their 
employment.  ^ 

82,  Black  friars  Road,.  LondoUy  JOHN  T.  COOPER. 

June  14M,  1838. 

Having  been  present,  at  the  experiments  made  at.  Mr. 
Cooper's  house,  with  a  view  of  determining  the  degree  oif 
deterioration  which  the  air  suffers,  by  the  employment  of  Joyce's 
stoves  in  close  rooms,  and  having  examined,  in  coniunction 
with  him,  the  composition  of  the  atmosphere  under  such 
circumstances,  I  can  certify,  that  after  burning  for  twelve 
hours  in  a  close  room  of  the  dimensions  above  stated,  that  less 
than  one  per  cent  of  carbonic  acid  was,  in  all  cases,  found 
in  the  air  of  the  room ;  that  such  proportion  of  carbonic  acid 
cannot  be  considered  as  deleterious,  or  in  the  least  degree 
dangerous,  in  reference  to  respiration ;  that  it  falls  short  of 
the  relative  quantity  of  carbonic  acid  found  in  crowded  and 
illuminated  rooms,  or  in  buildings  in  which  many  persons  axe 
congregated,  such  as  churches,  theatres,  and  assembly  rooms, 
in  which  ventilation  is  generally  imperfect,  and  in  which,  as 
far  as  my  experience  goes,  the  relative  proportion  of  carbonic 
acid  always  considerably  exceeds  one  per  cent.  I  am  therefore 
of  opinion  that  the  said  stoves,  which  are  so  constructed  as  to 
consume  only  a  limited  quantity  of  pure  charcoal  in  a  given 
time,  may  be  employed  with  perfect  security,  for  all  the  pur- 
poses for  which  they  have. been  proposed,  and  I  consider  the 
grounds  of  this  opinion  sufficiently  detailed  by  the  experiments 
above  given.  .  ' 

London,  June  14/A,  1838.  WILLIAM  T.  BRANDE. 

To  Mr.  William  Harper, 
58,  King  William  Street,  London  Bridge. 
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X.    Joyces'  Stove  Fuel. 

Observations  of  M.  Gay  Lussac,  on  a  new  process  of  fuel, 

imported  from  England.* 

This  process  has  been  much  spoken  of  as  something  won- 
derful ;  with  50  or  60  centimes  of  properly  prepared  charcoal, 
it  is  said,  we  may  heat  an  immense  room,  and  keep  it  at  an 
agreeable  temperature  for  four  and  twenty  hours.  Besides, 
the  carbonic  acid  "produced  by  the  combustion  does  not  afllect 
the  room,  it  being  retained  by  the  carbonate  of  soda  with 
which  the  coal  is  impregnated,  and  asphyitia  need  no  longer 
be  feared  with  this  new  mode  of  heat.  It  has  received  the 
assent  of  the  English  philosophers,  and  has  also  been  presented 
to  the  ''Academic  des  Sciences.'* 

Hiis  much  boasted  contrivance  appeared  to  me  worthy 
of  an  examination.  I  have  undertaken  it,  and  in  pub- 
lishing the  result  thereof,  I  consider  I  shall  be  serving  the 
interests  of  the  public  and  those  of  the  importers,  men  of  too 
good  faith  not  to  desire  to  be  better  enlightened  than  they  have 
been,  on  the  advantages  and  disadvantages  of  this  process  of 
generating  heat.     I  may  say  I  feel  it  fulfilling  a  duty. 

The  combustible  made  use  of  is  a  very  light  charcoal,  im- 
pregnated, it  is  said,  with  carbonate  of  soda,  to  retain  the 
carbonic  acid  produced  in  its  combustion.  I  obtained  a  sam- 
ple of  it,  and  found  that  it  really  contained  carbonate  of  soda, 
or  rather,  carbonate  ofpotassa;  but  its  quantity  is  so  small 
that  I  am  convinced  it  does  not  amount  to  the  quarter  of  a 
thousandth  part  the  weight  of  the  charcoal.  Also  that  it  bums 
with  very  great  fecility  like  charcoal  of  very  light  woods. 

Hence  it  is  evident  that  this  charcoal  gives  out,  while  burning 
in  a  room,  the  same  quantity  of  carbonic  acid  as  an  equal 
weight  of  any  other  charcoal ;  that  it  infects  the  air  in  the 
same  manner,  and  would  produce  the  same  accidents.  It  is 
also  equally  evident  that  it  does  not  produce  more  heat  than 
common  charcoal,  since  in  the  same  weight  it  contains  the 
same  quantity  of  combustible  matter. 

But  oeiiig  assisted  by  a  proof  on  the  combustion  of  the  new 
charcoal,  I  discovered  with  other  assistants,  that  it  was  not 
accompanied  with  any  disagreeable  smell,  and  I  thought  the 
small  Quantity  of  alkaline  salt  I  supposed  had  been  added  to 
it,  might  be  the  cause  of  the  total  absence  of  smell.  This  is 
a  real  improvement  introduced  into  domestic  heating,  a  true 

♦  From  the  Comptes  Rendu  des  Stances  de  I'Academie  des 
Sciences,  April  9,  1838.  Translated  by  Mr.  J.  H.  Lang. 
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discovery.  This  thought  was  easily  submitted  to  the  proof  of 
experiment. 

I  first  ascertained  that  common  charcoal  was  almost  as  alka- 
line as  that  used  in  the  new  process.  But  to  make  the  experi* 
ment  more  conclusive^  I  wetted  the  charcoal  with  some  water 
slightly  charged  with  carbonate  of  soda^  so  that  it  appeared 
more  alkaline  than  the  English ;  it  was  then  dried  on  a  stove. 
Two  fires^  one  fed  with  prepared,  and  the  other  with  common 
charcoal,  presented  no  perceptible  difference  as  to  smell. 
Several  similar  experiments,  changing  the  proportion  of  the 
carbonate  of  soda,  always  gave  the  same  result. 

Convinced  that  the  salt  had  no  effect  in  the  combustion  of 
the  charcoal,  I  thought  the  absence  of  smell,  I  had  observed  in 
the  combustion  of  the  English  charcoal,  belonged  to  its  own 
nature,  for  we  are  aware,  that  for  brasiers,  it  is  not  indif* 
ferent  to  employ  any  sort  of  charcoal.  Having  discovered 
that  the  English  charcoal  was  very  light  and  certainly  pro- 
duced from  some  white  wood,  I  caused  some  pieces  of  fir  pianks 
which  had  fallen  into  my  hands,  to  be  carbonized.  The 
charcoal  thus  obtained  was  found  much  more  stosibly  alkaline 
than  the  English.  Burnt  in  comparison  with  common  char- 
coal, it  was  more  agreeable  and  seemed  to  resemble  the 
English,  but  without  being  able  to  make  an  exact  comparison 
for  want  of  a  sufficient  quantity  of  the  latter. 

The  importers  of  the  new  process  of  generating  heat  bum 
the  charcoal  in  an  elegant  apparatus  which  it  would  be  useless 
here  to  describe.  It  will  be  sufficient  to  say  that  it  is  a  real 
brasier,  giving  out  all  the  products  of  the  combustion,  to  the 
room  in  which  it  is  placed.  And  in  this  consists  the  great 
economy  of  the  combustible  spoken  of;  this  we  cannot  deny,  it 
is  too  well  known ;  but  we  must  not  forget  that  it  is  only  to  be 
obtained  by  vitiating  the  air  of  the  apartment,  and  perhaps  in- 
juring the  respiration,  particularly  of  inexperienced  persons 
who  surrender  themselves  to  too-blind  a  security. 

Be  it  understood,  that  the  object  of  our  observations  is  not 
to  proscribe  the  new  process  of  heating,  but  only  to  make  it 
better  ap^i^eciated  than  it  has  been,  and  to  reduce  it  to  its  just 
value.  These  observations  lead  us  to  believe,  first,  that  the 
combustible  is  only  a  well  prepared  charcoal  of  light  wood, 
containing  no  other  alkaline  salt  than  that  which  it  naturally 
possesses ;  second,  that  this  combustible  gives  no  more  heat 
than  any  other  wood  charcoal;  third,  that  the  mode  of  heating 
employed,  which  consists  in  giving  out  all  the  products  of  the 
combustion  to  the  apartment  in  which  it  operates,  is  a  real 
economy  over  every  other  process,  but  that  it  is  only  by  vitiat- 
ing the  air  and  injuring  the  respiration ;   fourth,  that  a  well 

E2 


52  Professor  Pfiiff,  on  the  electro-chemical 

constructed  stove,  by  the  air  of  the  apartment,  may  render  use- 
ful about  nine-tenths  of  the  whole  heat  produced  by  the  com- 
bustion, without  vitiating  the  air,  causing  any  smell,  or  affect- 
ing the  respiration,  and  that  its  use  is  more  certain  and  almost 
as  economical.* 

Remarks  of  M.  Thenard  on  the  occasion  of  the  preceding 

communication. 

I  shall  only  add  a  few  remarks  on  what  M.  Gay  Lussac  has 
just  said. 

It  is  probable  that  the  charcoal  would  cause  no  smell  if  it 
had  been  suitably  calcined. 

Such  in  fact  is  the  small  coal,  and  even  the  charcoal  pre- 
pared in  close  vessels,  when  it  has  been  carried  to  a  high 
enough  temperature. 

The  apparatus  in  question  may  be  compared,  for  effect,  to  a 
brasier  the  combustion  of  whose  fuel  would  be  extremely 
slow,  or  to  one  of  these  common  foot  stoves  which  gives  its 
heat  for  12  or  15  hours. 

-  The  foot  stove  is  filled  with  charcoal  dust  and  ignited  at  the 
surface  with  a  little  lighted  turf.  The  combustion  operates 
by  degrees ;  it  is  kept  up  by  raising  from  time  to  time  the 
lower  beds  with  an  iron  plate ;  it  thus  continues  from  the 
morning  to  a  late  hour  at  night. 


XL  On  the  electro-chemical  theory  in  general^  and  Becgue- 
rets  electro-chemical  theory  in  particular y  and  the  relation 
of  electro^motive  power  to  affinity.  By  Professor  PFAFFf 

Electro-chemistry,  or  the  deriving  of  chemical  appear- 
ances from  the  activity  of  electric  powers,  has  grown  forth 
from  the  ground  of  galvanism,  embracing  within  its  com- 
pass during  its  gradual  development  a  peculiar  form  of  che- 
mical appearances,  determined  by  peculiar  conditions ;  which 
representation  forms  the  chemical. theory  of  galvanism. 

The  human  mind,  by  a  natural  necessity,  endeavours  to 
bring  the  variety  of  phenomena  under  the  unity  of  a  principle, 
and  in  the  same  way  as  the  genius  of  a  Newton  had  won  such  a 

*  This  information  is  exceedingly  important,  and  cannot  be  too 
stronffly  impressed  on  the  minds  of  all  those  who  are  desirous  of 
burnmg  charcoal  without  the  risk  of  its  deleterious  effects. — £dit. 

+  Translated  from  the  German. 
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general  principle  for  distant  attractions  of  masses,  however 
manifold  and  intricate  they  might  appear,  in  aniversal  gravita- 
tion and  its  great  law ;  so  was  it  now  thought  that  for  the 
attractions  of  smallest  particles  at  insensible  distances,  and 
for  the  phenomena  of  composition  and  decomposition  of  bodies 
dependant  therefrom,  a  similar  general  principle  was  found  in 
the  electric  agency,  which  appeared  to  afford,  at  the  same  time, 
a  satisfactory  explanation  of  other  phenomena  which  accom- 
pany the  chemical  process,  namely,  the  phenomena  of  heat 
and  light. 

There  are,  as  is  well  known,  four  series  of  facts  which  have 
led  to  the  electro-chemical  theory,  and  constitute  its  proper 
groundwork. 

1.  The  phenomenon  of  contact-electricity,  received,  for  at 
least  a  long  time,  by  all  philosophers,  and  the  order  of  tension 
(spannungsreike)  under  which,  in  reference  to  this  relation, 
all  perfect  conductors  of  electricity  (exciters  of  the  first  class) 
are  arranged. 

2.  The  common  fact  that  by  the  decomposition  of  a  com- 
pound body  by  an  electrical  current,  both  the  component  parts 
into  which  the  body  is  separated,  whether  elements,  or  them- 
selves binary  combinations,  possess  firm  and  unchangeable 
relations  in  reference  to  the  opposite  electricities,  so  that  the 
one  component  part  is  at  every  time  attracted  by  the  positive, 
the  other  by  the  negative  electricity ;  and  all  bodies  form  in 
this  respect  a  long  series,  which  runs  parallel  with  the  first,  the 
properly  galvanic  one,  a  series  in  which  relatively  to  the  two 
end  members,  viz.  oxygen,  as  far  as  the  experiments  yet  go,  as 
the  most  negatively,  and  potash  as  the  most  positively  electric 
body,  all  other  bodies  are  arranged  in  such  an  order,  that  of 
every  two  of  the  row,  if  separated  from  each  other  by  an  elec- 
tric stream,  as  constituent  parts  of  a  compound  body,  the  one 
which  stands  nearest  in  the  rank  to  the  oxygen  passes  con- 
stantly to  the  positive  pole  of  a  voltaic  battery,  whilst  the 
other  component  part,  which  stands  nearest  to  the  positive 
end,  has  a  tendency  to  pass  to  the  negative  pole.  The  paral- 
lelism betv^een  both  series,  which  has  become  so  important 
for  electro-chemistry,  and  the  chemical  theory  of  galvanism, 
consists,  as  is  well  known  in  this,  that  of  every  two  bodies  of 
the  chemical  series,  when  they  disturb  the  electrical  equilibrium 
by  merely  mutual  contact,  that  which  lies  nearest  to  the  p6tash 
is  relatively  positive,  that  which  lies  nearest  to  the  oxygen 
negative  electrical,  and  the  electric  excitation,  and  difference 
of  electrical  tension,  is  greater  in  proportion  to  the  distance 
which  they  are  removed  from  each  other  in  that  first  series.^ 
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'  3.  The  third  fact  is,  that  opposite  electricities  exercise  a 
powerful  attraction  on  each  other ;  similar  electricities,  on 
the  contrary,  repel  each  other,  and  that  opposite  electricities 
can  j  without  being  united  or  neutralized,  approach  each  other, 
even  up  to  apparent  contact  of  the  surfaces  to  which  they 
cling ;  so  that  upon  separation  they  appear  again  with  un- 
changed polarities,  and  as  long  as  they  are  in  mutual  contact 
are  the  ground  of  a  strong  lybtraction,  and  even  of  an  adhesion 
of  those  surfaces. 

4.  The  fourth  fact,  finally,  is,  that  by  every  compensation 
of  opposite  electricities,  in  the  direct  proportion  of  the  quan- 
tities compensated,  and  the  inverse  proportion  of  the  space 
in  which  this  compensation  takes  place,  an  increase  of  tem- 
perature ensues,  which  advances  to  a  very  high. degree  united 
with  light,  and  can  reach  a  point  which  is  to  be  obtained  by 
no  other  means. 

By  comparison  of  the  mutual  chemical  relation  of  substances 
with  that  relation  according  to  which  they  can  be  arranged  in 
that  definite  series,  as  first  and  second,  it  was  found,  that 
substances  exercise  a  proportionally  stronger  chemical  attrac* 
tion,  as  they  are  more  opposed  to  each  other  in  the  first  or 
second  series,  or  as  they  stand  mutually  more  remote.  A  fur- 
ther general  law  for  the  reciprocal  chemical  action  of  sub- 
stances was  established  through  induction,  the  law,  that  a 
chemical  process  takes  place  only  between  each  two  of  those 
bodies,  whether  simple  or  compound,  which  stand  in  such 
opposition  to  each  other,  as  is  represented  by  those  series ; 
finally,  a  still  further  general  law  was  discovered,  that  every 
real  chemical  process  is  united  with  a  generation  of  heat, 
which  is  proportionally  more  active,  and  advances  to  red  heat 
and  flame,  the  greater  the  above  mentioned  opposition  of  the 
two  substances  is,  which  enter  into  the  chemical  conflict  with 
each  other.  Now,  with  this  were  given  also  the  fundamental 
features  of  electro-chemistry,  whose  problem  was  only  to  give 
the  relation  of  affinity  to  electricity,  which  always  appeared 
as  its  companion,  at  times  openly  (in  the  contact-electricity), 
at  times  concealed  (in  the  heat),  and  to  raise  this  parallelism 
to  a  true  causal  connexion. 

This  problem  has  now  been  solved  in  different  ways,  but 
the  very  want  of  agreement  amongst  chemists  in  this  respect, 
satisfactorily  shows,  that  we  have  not  yet  penetrated  suffici- 
ently deep  into  the  nature  of  that  wonderful  agent^  whose 
activity  in  chemical  processes  cannot  be  well  longer  denied, 
in  order  to  comprehend  the  phenomena  of  chemistry  in  their 
natural  connexion  with  those  more  strictly  called  galvanic* 
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fiecquerel^  rightly  perceiving  the  difficulties^  which  were 
still  left  uuaolved  by  the  electro-chemical  tbeuries  of  Davy, 
Berzelius,  Ampere,  &c.,  believes  that  he  has  advanced  nearer 
to  the  great  goal,  by  a  new  modification  of  these.  (Th6orie 
ch^mique  de  Taoteur,  in  the  3d  voL  of  Traite  de  r£lectricit6 
et  du  Magnetisme,  p.  406).  But  even  this  new  theory  appears 
to  me  equally  incapable  of  supporting  a  rigid  criticism  as  its 
predecessors,  and  I  think  it  conformable  to  the  plan  of  this 
work  (Revision  of  the  doctrines  of  galvauo-voltaismus  &c.  by 
C.  H.  Pfaff,  Professor  of  medicine  and  chemistry  in  the  Uni- 
versity of  Kiel),  to  make  some  general  remarks  on  this  head^ 
and  to  add  to  them  a  few  observations  on  the  relation  of 
electro-chemistry  to  galvanism. 

Becquerel's  theory  differs  essentially  from  those  of  his  pre<> 
decessors,  e.  g.  fierzelius  and  Ampere,  in  this :  that  he  ascribes 
neither  to  the  elements,  nor  bodies  compounded  of  them,  as 
long  as  they  exert  no  mutual  action^  peculiar  electric  atmos-* 
pheres,  charges  (Ladungen),  or  polarities,  on  which  their 
reciprocal  attraction  in  chemical  processes  would  depend,  but 
supposes  that  they  are  surrounded  by  atmospheres  of  neutral 
electricity,  so  long  as  they  do  not  enter  by  the  chemical  pro- 
cess itself,  into  a  new  union.  With  this  neutral  electricity, 
called  in  Franklin's  theory  ^Hhe  natural  portion  of  electricity," 
stands  first,  the  *^  power  of  aggregation,"  or  the  attraction  of 
homogeneous  particles  (molecular  attraction)  in  the  nearest 
relation  and  dependence,,  and  indeed  M.  Becquerel  finds  a 
proof  of  this  in  the  fact,  that  the  strdngest  union  of  bodies  can 
be  destroyed  by  a  sufficiently  strong  erectrical  discharge.  The 
same  effect  would  therefore  follow,  if  by  means  of  electric  dis- 
tribution (Elektrische  Vertheilung)  whose  power  can  be  mul« 
tiplied  indefinitely,  the  two  electricities,  which  were  before 
more  closely  bound  together,  were  withdrawn  from  a  body, 
with  whose  sudden  appearance  (austritt)  and  entire  loss,  a 
perfect  dissolution  of  the  cohesion,  would,  in  a  similar  way, 
be  united.  Here,  however,  M.  Becquerel  appears  to  have 
overlooked  the  fact  that  this  withdrawal  of  the  two  electfi* 
cities  does  not  effect  the  dissolution  of  the  cohesion  of  the 
bodies,  because  this  cohesion  depends  on  their  presence,  but 
because  these  electricities,  when  separated  from  each  other, 
become  active,  in  proportion  to  the  rapidity  with  which  the 
separation  takes  place,  by  means  of  their  repelling  power,  and 
for  just  this  reason  work  in  opposition  to  the  attraction,  by 
which  the  smallest  particles  mutually  cohere,  and  effect  their 
separation  from  each  other.  An  exactly  equal  quantity  of 
electricity  could  be  withdrawn  from  the  body  without  the 
slightest  alteration  in  its  cohesion,  if  this  withdrawal  took 
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place  only  gradually.  Let  us  imagine  for  a  moment  all  fluid,  and 
other  latent  heat,  of  a  body,  suddenly  set  free,  and  spreading 
out  into  a  cold  medium,  an  entire  separation  of  the  particles 
from  each  other,  and  a  dispersion  of  them,  by  means  of  a  sud* 
den  change  of  the  former  ^uid  state  into  a  gaseous  one,  would 
certainly  accompany  this  movement  and  simultaneous  loss  of 
the  heat.  Who  would  conclude  from  this  that  the  heat  whs 
the  cause  of  the  cohesion  of  the  particles,  when  it  much 
rather  works  in  exact  opposition  to  it  ? 

M«  Becquerel  has  at  the  same  time  considered  in  his  theory 
the  phenomena  of  thermo-electricity ;  but  here  also  we  find 
assertions  which  do  not  appear  consistent  with  each  other. 
He  says  that  when  the  heat  in  its  movement,  in  its  propaga- 
tion through  bodies,  (e.  g.  through  an  arc  of  metal)  encounters 
opposition,  it  separates  itself  into  its  two  factors. -f-'  ^  &nd  — £,. 
that  the  4-  -^9  which,  according  to  all  experience,  has  a  greater 
power  of  penetrating  an  opposing  medium  than  —  £,  leaps 
over  the   resistance,   and    that  in   this  way  a  current  of 
(positive)    electricity  is  introduced   from  the  heated   parts 
to  the  colder  ones.      Further  on,   however,   excitation  of 
electricity  by  means  of  heat  is  understood  by  him  in  quite  a 
different  way;  the  heat  being  considered  not  as  the  source, 
but  only  as  the  causa  ejfficiens  of  the  electricities.    Namely, 
in  that  the  heat  separates  by  means  of  expansion  of  the 
particles  from  each  other,  it  must  operate  in  a  similar  way 
with  the  division  of  bodies,  in  consequence  of  which,  as  is 
well  known,  the  divided  surfaces  appear  with  opposite  elec< 
tricities.    Then,  again, 'should  a  heated  particle  attract  more 
4-  E,  and  drive  forward  —  E,  in  this  way  the  process  goes 
forward,  as  one  particle  after  the  other  becomes  heated ;   the 
result  of  which  is  a  movement  of  the  electric  fluid. 

He  says,  that  the  compensation  of  opposite  electricities 
does  not  in  itself  produce  heat ;  but  that  this  is  the  effect  of 
the  opposition  which  they  experience  in  their  progress  and 
passage  through  the  body.  M.  Becquerel  appears  to  have 
kept  in  view  (Erstead's  ingenious  theory  on  the  relation  of 
heat  to  the  conflict  of  opposite  electricities,  and  guards 
himself  in  the  mean  time  against  all  abstract  metaphysical 
explanations,  p.  414.  Nous  evitons,  comme  on  le  voit, 
d'emettre  des  id6es  abstractes  ou  metaphysiques,  que  Tesprit 
ne  saisit  que  difiicilement,  et  qui  ne  jettent  par  consequent 
que  de  la  confusion  dans  la  science. 

M.  Becquerel  is  not  easily  stopped  by  difficulties.  By 
blows,  or  rubbing,  we  set  free  a  quantity  of  opposite  electri- 
cities, which  are  combined  with  the  atoms,  and  these  unite 
themselves  again,  and  produce  heat.    M.  Becquerel  appears 
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to  have  quite  forgotten  what  he  expressly  asserts  of  atoms, 
those  at  least  of  eienientary  bodies,  therefore,  also  of  metals, 
viz.  that,  when  they  are  disconnected  with  atoms  of  another 
element,  and  unite  themselves  to  masses  of  particles  (mas- 
sentheilchen),  they  are  surjrounded  neither  with  atmospheres 
of  4-  £  nor  —  E  separately,  but  with  atmospheres  of  both 
-f-E  and — E,  the  so  called  natural  electricity  or  0.  Now,  we 
can  easily  conceive  that  these  electricities  are  separated  by  a 
mechanical  action,  not  indeed  to  remain  separated,  but  to  unite 
themselves  again  momentarily.  The  case  was  certainly  differ- 
ent if  binary  compounds,  oxides  for  instance,  became  heated  by 
rubbing  or  blows,  because  M.  Becquerel  supposes  in  these 
separated  polar  atmospheres  of  +Eand — £  surrounding 
the  particles  of  the  oxygen  and  the  radical,  which  stand 
opposed  to  each  other,  in  which  case  one  could  still  imagine 
some  such  compensation  of  opposite  atmospheres  ;  but  is  it 
not  the  very  metals  which  admit  of  being  so  strongly  heated 
by  hammering;  and  brimstone  and  charcoal  by  friction  ?  Where 
can  we  here  (ind  in  the  union  of  opposite  electricities,  supposed 
by  M.  Becquerel,  the  condition  previously  supposed  by  him 
as  essential  for  this  excitation  of  heat,  namely,  the  retardation 
of  the  electric  current  in  its  movement,  the  opposition  ^ 
whereby  its  rapidity  is  hindered  ?  Where  do  the  particles  of 
4-  and  —  £,  which  lie  close  on  each  other  and  unite,  find 
such  an  opposition  ?  Is  the  idea  of  streams  of  opposite 
electricities  at  all  applicable  to  this  case?  The  particles 
also,  whose  ^-  and  —  E  have  united  themselves  in  order  to 
the  production  of  heat,  and  those  which,  as  we  shall  see 
below,  are  only  chemically  united  by  means  of  these  electrical 
atmospheres,  would  be  compelled  to  separate^  and  by  means 
of  this  mechanical  operation,  when  it  produces  heat,  a  decom- 
position must  at  least  partially  follow  ;•  a  fact  for  which  no 
experience  vouches. 

M.r  Becquerel,  in  his  chemical  theory  of  properly  galvanic 
phenomena,  allows  himself  pre- suppositions  which  are  equally 
arbitrary.  At  once,  the  fundamental  fact  from  which  M. 
Becquerel  goes  out,  appears  to  be  doubtful.  He  says,  that 
when  alkalies  and  acids  act  chemically  on  each  other,  unite 
with  each  other,  the  positive  electricity  passes  over  to  the 
acid,  the  negative  to  the  alkali.  As  many  particles  of  each 
of  these  substances  as  become  active,  so  many  particular 
electric  streams  are  set  in  motion,  which  cannot  pass  away  over 
the  surfaces  of  contact  without  opposition,  and  by  means  of 
their  reunion  in  the  fluid  produce  the  increase  of  temperature. 
On  the  contrary,  he  says  that  by  the  decomposition  of  such 
an  union,  the  acid  receives  the  negative,  the  alkali  the  positive 
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electricity.  In  order  to  make  this  assertion  agree  with  the 
one  afterwards  made  by  M.  Becquerel,  we  i^ust  su|»pose, 
that  the  first  electrical  excitation  according  to  which  the  acid 
becomes  positive,  and  the  alkali  negative,  is  in  the  very  first 
moment  of  their  mutual  action,  a  consequence  of  the  decom- 
position of  their  natural  fluid,  by  means  of  which  the  particles 
of  the  acid  remained  polarized  with  negative,  the  particles  of 
the  alkali  with  positive  electricity,  for  that  these  particles 
(and  those  analogous  to  them  in  the  binary  unions)  exist,  in 
the  actual  union,  in  this  partial  electrical  state,  and  that  the 
intimacy  of  this  union  depends  merely  on  the  grade  of  this 
electrical  polarization.  In  this  way,  according  to  Becquerel, 
stand  the  chemical  affinities  in  the  nearest  relation  with  the 
electrical  powers  (polarities)  of  the  particles :  every  thing  that 
augments  the  latter,  augments  also  the  power  of  cohesion; 
whatever  weakens  them,  weakens  the  same.  That  which 
characterizes  and  distinguishes  this  new  theory  from  the 
electro-chemical  theory  of  Ampere,  Berzelius,  &c.,  consists 
accordingly  in  this,  that  the  polar  electrical  state  of  the  atoms 
is  no  state  inherent  in  these ;  but  as  it  were  first  called  forth 
by  the  chemical  process  in  them,  just  so,  perhaps,  as  by  the 
friction  of  the  surfaces  of  two  heterogeneous  bodies,  the 
opposite  electricities  first  free  themselves  from  the  natural 
fluid,  and  gather  together,  which  at  all  events  makes  it  easier 
to  conceive,  how  one  and  the  same  element,  e.  g.,  chlorine, 
bromine,  &c.,  can  be  relatively  to  the  combustible  bases, 
negatively,  relatively  to  the  oxygen  positively  electrical.  It 
is,  however,  at  the  same  time,  clear,  that  according  to  this 
view,  the  electrical  powers  are  by  no  means  the  first  agent, 
the  real  spring  of  the  chemical  process ;  but  pre-suppose  the 
activity  of  independent  affinities,  which,  first,  by  their  mutual 
action  on  each  other,  call  forth,  as  it  were,  the  electrical  polar- 
ities, which  again  in  their  turn  by  their  reciprocal  attraction 
maintain  the  cohesion.  Exactly  according  to  this  view, 
therefore,  the  atoms  in  the  first  moment  of  decomposition, 
or  as  it  is  called  the  status  nascens^  appear  surrounded 
with  theiir  partial  electrical  atmospheres,  the  acids  and  the 
elements  corresponding  to  them  (when  they  separate 
themselves  from  the  combustible  bases)  appear  with  negatively 
electric,  the  alkalies  and  their  corresponding  elements  (the 
metals  of  alkalies,  oi  earths^  of  the  fundamental  oxides  of  the 
heavy  metals)  with  positively  electric  atmospheres,  and  at  all 
events  it  is  explained  according  to  this  view,  how  it  is  that 
the  elements  act  exactly  in  this  state  with  the  strongest 
affinity  on  each  other,  and  under  these  circumstances  form 
unions,  which  do  not  follow  when  these  elements  have  once 
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entered  into  their  gaseous  state.  For  theekctric  polar  atoms 
do  not  continue  in  this  condition,  bat  quickly  attract  from 
the  surrounding  medium  the  opposite  electricity,  the  atomic 
of  acids  (oxygen,  chlorine,  .&c.)  attracting  ^-^  the  atoms  of 
alkalies  (metals,  the  combustible  bases)  —  E,  and  veil  them- 
selves from  others  in  atmospheres  of  natural  (not  polar) 
electric  fluid. 

The  explanation  of  the  process  in  the  simple  galvanic  circle 
rests  entirely  on  this  chemical  principle.  When  the  zinc  is 
plunged  in  water,  strengthened  either  with  acid  or  alkali,  the 
metal  reacts  slowly  on  the  water,  and  attracts  its  oxygen, 
which  comes  forth,  surrounded  with  its  negatively  electric, 
atmosphere,  from  its  union  with  the  hydrogen,  and  in  order 
that  the  zinc,  which  is  only  surrounded  with  an  atmosphere 
of  naturally  electric  fluid,  may  be  enabled  to  unite  itself  with, 
the  oxygen,  it  must  surround  itself  with  an  atmosphere  of 
positive  electricity,  which  process  is  facilitated  by  the  zinc 
parting  with  its  negative  electricity  to  the  copper  with  which 
it  stands  in  contact  in  the  circle,  from  which  again  this 
negative  electricity  streams  over  into  the  fluid.  This  process 
is  favoured  by  the  hydrogen,  which  endeavours  to  hold  back 
the  oxygen,  bemg  carried  over  to  the  copper  by  the  working 
of  the  electric  current  (par  Teffet  du  courant.) 

In  order,  finally,  to  explain  decomposition  by  the  voltaic 
pile,  M,  Becquerel  starts  from  the  position,  that  streams  of 
two  opposite  electricities  must  be  supposed;  for  although  we 
are  enal)led  to  exhibit  either  of  them  singly,  and  separate  from 
the  other,  yet  that  the  phenomena  of  common,  as  well  as 
voltaic,  electricity,  show  that  in  one  direction  (that  of  the 
positive  stream)  a  greater  power  of  overcoming  intervening 
opposition  exerts  itself  than  in  the  oppo!^ite  direction,  which 
is  only  conceivable  under  the  supposition  of  two  streama 
from  both  sides,  but  of  dissimilar  quality.  If  we  take  as  a 
ground  that  each  of  these  has  an  undulating  movement 
(ondulation),  which  it  can  impart  to  electricity  of  the  same 
kind  with  itself,  and  cause  it  to  move  in  the  same  w^y,  so 
would  it  follow,  that  the  positive  undulation  (the  positive 
stream),  ^s  it  passes  from  the  positive  to  the  negative  pole, 
would  be  communicated  to  the  positively  electric  atmospheres 
of  the  corresponding  particles  of  the  compounds  (so  called 
electro-positive  matter),  which  would  in  that  case  carry  over 
to  the  same  pole  with  themselves  the  material  particles  with 
which  they  are  intimately  united,  and  deposit  them  there, 
because  they  cannot  force  themselves  into  the  polar  plates  or 
wires.  The  same  thing  would  hold  good  of  the  negative 
undulation  (the  negative  stream),  which  would  communicate 
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itself  to  the  negative  atmospheres  of  the  particles  of  the  acid, 
and  of  the  electro-negative  elements  generally,  by  which 
means  these  latter  would  be  borne  along  with  them  to  the 
positive  pole,  and  deposited  there. 

If  the  assertion  was  correct  which  I  put  forward  after 
Davy's  experiments  (Physic.  Dictionary,  Vol.  IV.,  sec.  2, 
p.  801)  that,  when  an  actual  chemical  union  of  elementary 
bodies,  which  are  electrically  opposed  to  each  other  in  the 
contact,  takes  place,  every  trace  of  electricity  vanishes,  we 
should  be  relieved  from  all  further  trouble  of  reasoning  against 
this,  or  any  other  purely  chemical  theory  of  galvanism.  But 
since  this,  experiments  have  been  made  known,  which  appear 
directly  to  prove  that  when  the  chemical  process  actually  takes 
place  and  the  opposed  elements  have  united  themselves  with 
each  other,  that  evident  signs  of  opposite  electricity  are  to  be 
observed.  I  allude  to  the  experiments  of  a  very  trustworthy 
investigator ;  but  which,  as  far  as  I  know,  have  not  yet  been 
confirmed  by  those  of  any  other  philosopher.  Those  of  Pouillet, 
who  by  the  aid  of  the  condensor  has  shown  that  by  the  burning 
of  charcoal,  hydrogen,  and  the  compounds  of  carbon  and 
hydrogen  (spirit  of  wine,  ether,  the  fixed  oils),  positive  elec- 
tricity accompanies  the  product  of  the  combustion,  and 
therefore  the  oxygen,  whilst  the  combustible  body,  as  far  as 
it  has  not  yet  entered  into  the  union,  receives  negative 
electricity  (Poggendorf's  Annals,  Vol  II.  p.  417).  Besides 
this  there  are  some  experiments  by  Nobili,  which  prove  that 
by  an  union  of  acids  with  bases,  by  the  dissolving  salts  in 
acid,  electrical  currents  are  produced,  which  (according  to 
the  supposition  of  one  electric  matter,  or  according  to  the 
dualistic  theory  the  positive)  take  a  direction  from  the  alkali 
to  the  acid  (Pogg.  Ann.  Vol.  XIV.  p.  1S7«)  In  Nobili's  experi- 
ments every  co- operation  of  the  electro- motive  action  between 
the  metals  and  the  fluids  was  excluded.  Two  perfectly 
homogeneous  platina  plates  were  plunged,  namely,  into 
similarly  saturated  solutions  of  saltpetre,  and,  consequently^ 
the  electro-motive  action  was  equal  on  both  sides,  and 
necessarily  preserved  the  equilibrium^  so  that  no  current 
could  take  place  from  this  quarter.  Into  the  glasses,  in 
which  the  solution  of  saltpetre  was,  were  plunged  cotton  (or 
asbestos)  threads,  also  moistened  with  solution  of  saltpetre. 
One  of  the  glasses  communicated  by  one  of  these  threads 
with  a  vessel  containing  nitric  acid,  at  one  end  of  the  other 
thread,  whose*^  other  end  was  plunged  into  the  glass  with  the 
saltpetre  solution,  was  a  piece  of  caustic  potash,  which  in  the 
moment  of  its  contact  with  the  nitric  acid  produced  an  electric 
stream  which  passed  from  the  alkali  to  the  acid.    Other  acids 
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acted  in  the  same  way  as  the  nitric,  and  alkaline  earth  as  the 
alkali  for  example,  lime  and  carbonate  of  lime. 

In  the  mean  time  a  question  remains  in  both  these  cases. 
Was  the  excitement  of  electricity  a  consequence  of  the  actual 
chemical  union,  did  it  first  take  place  with  this  union,  or  did 
it  not  rather  precede  it,  was  it  not  even  in  these  instances  an 
operation  of  the  contact,  by  which  every  chemical  process 
begins,  of  that  first  touching  which  must  surely  be  distin* 
guished  from  the  actual  intimate  union,  which  necessarily 
precedes  every  chemical  conflict,  and  is  inseparable  from  it  ? 
Here  now  lies  the  great  question  of  dispute  between  the,  as 
it  were,  pure  orthodox  voltaic  theory,  and  a  combination  of 
this  with  the  chemical  theory. 

Immovably  firm  stands  the  fact  that  merely  mutual  contact  of 
heterogeneous  solid  bodies  suffices, without  the  co-operation  of 
a  chemical  process,  to  the  excitation  of  electricity,  and  equally 
established  is  the  fact,  that  this  electric  excitement,  by  means 
of  mere  contact,  far  surpasses  in  strength  that  which  could 
possibly  be  ascribed  to  a  chemical  action,  simultaneously  ac- 
companying the  contact.  Let  us  only  compare  the  electricity 
which  a  piece  of  zinc,  held  in  dry  fingers,  communicates  to  a 
sopper  condenser,  with  that  which  a  piece  of  copper,  attacked 
most  sharply  by  nitric  acid,  communicates  to  the  same  con- 
denser ;  the  first  surpasses  the  last  twentyfold.  Indisputable 
also  appears  to  me  the  fact,  that  in  a  common  galvanic  circle 
the  electric  stream  is  produced  and  supported  by  the  electro- 
motive action  of  the  two  metals  which  are  in  contact,  and,  at 
least  not  primarily  and  immediately,  by  the  chemical  action 
of  the  fluid  on  the  metal  (the  zinc).  For  if  we  substitute  for 
the  ordinary  zinc  plate  an  amalgamated  one,  on  which  the  acid 
solution,  as  far  as  itself  is  concerned,  even  as  Faraday  allows, 
has  no  chemical  action  worth  mentioning,  so  far  from  the 
battery  having  lost  power,  it  exhibits  much  greater  strength, 
exactly  agreeable  to  the  principle  that  the  current  depends  on 
the  electro-motive  action  of  the  metals  on  each  other,  since, 
according  to  the  experiments  with  the  condenser,  amalgam- 
ated zinc  exhibits  a  much  greater  difierence  of  electrical  ten- 
sion with  the  copper,  than  common  zinc  with  the  copper. 
That  Becquerel's  above  mentioned  theory  of  the  simple  gal- 
vanic circle  rests  on  arbitrary  pre -suppositions,  is  self-evident. 
That  quality  of  the  zinc,  by  which  it  first  surrounds  itself  with 
*a  positive  electric  atmosphere,  in  order  to  be  able  to  unite 
itself  with  the  negative  acid,  is  a  true  qunlitas  occulta^  and 
pre-supposes,  as  it  were,  a  feeling  in  the  zinc  and  a  consequent 
desire,  and  an  action  altering  itself  according  to  circumstances. 
It  is  also  not  at  all  to  be  understood,  how,  in  the  way  men- 
tioned, an  electrical  current  can  at  all  arise,  by  whose  action 
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the  hydrogen  can  be  drawn  away  from  the  oxygen,  and  carried 
over  to  the  copper.  For  let  as  imagine  for  a  moment  the 
Isolated  atom  of  hydrogen  with  its  positive  electrical  atmos- 
phere ;  the  latter  can  in  no  way  cause  a  movement  in  any 
direction.  This  would  be  assuming  with  Faraday  and  Grott* 
huss,  that  the  affinity  acts  only  with  reference  to  the  oxygen 
of  the  neighbouring  particles,  which  would,  however,  be  some- 
thing very  different  from  an  electrical  current. 

If  electro-chemistry  suffices  in  no  case,  with  the  polar  elec- 
tric powers  ALONE,  perfectly  to  explain  the  phenomena,  but 
always  has,  as  it  were,  still  in  reserve  a  power  of  affinity  in 
the  material  particles  themselves,  which  is  indeed  first  neces- 
sary in  order  to  hold  the  electric  atmospheres  round  the  atoms, 
so  perhaps  ought  we  not  entirely  to  reject  the  view,  which 
seeks  the  electro-motive  power  in  this  affinity  itself.  The 
first  appearance  of  its  commencing  activity  would  be  the  dis- 
turbance of  the  electrical  equilibrium,  or  the  setting  free  the 
electricities,  which  might  be  united  with  the  atoms,  either  as 
preponderating  positive  or  negative  electricity.  As  long  as 
an  actual  chemical  union  does  not  take  place,  so  long  are  the 
affinities  of  the  material  particles  not  yet  perfectly  united ; 
they  act  still  electro-motively,  and  are  in  a  state  of  free  elec- 
tric tension.  If  the  chemical  conflict  attains  its  object,  these 
affinities  enter  into  perfect  mutual  union ;  the  electricities, 
which  are  now  no  longer  held  separate  from  each  other,  strike 
as  it  were  together;  the  free  tension  ceases ;  and  warmth  and 
light  take  its  place.  The  results  of  Pouiltet  and  Nobili  are 
only  the  effects  of  the  contact  which  precedes  the  actual  union 
of  the  affinities,  as  long  as  they  yet  act  only  electro-motively, 
and  which,  either  through  flowing,  or  aggregation  in  the  con- 
denser, are  withdrawn  from  the  immediate  compensation. 
According  to  this  view  the  relatively  electro-positive  as  well 
as  electro-negative  elements  would  stand  in  a  double  opposi- 
tion, in  one  towards  each  other,  and  in  one  towards  the  oppo- 
site electricities,  and  the  process  of  chemical  composition  and 
decomposition  would  be  the  result  partly  of  the  preponderancy 
of  the  mutual  affinity  of  the  material  atoms  over  their  affinity 
to  the  opposite  electricities,  partly  of  the  preponderancy. 


XII.     On  a  water  cushion  for  electrical  machines^  by  Mr. 
C.  V.  Walker,  in  a  letter  to  the  Editor. 

Kennington  Grammar  School^ 
Sir,  June  4,  1838. 

In  common  with  other  electricians,  I  have  felt  the  incon- 
venience arising  from  the  want  of  uniformity  in  the  shape  of 
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glass  cylinders  for  the  electrical  machine.  Chancing  to  have 
one^  which  was  very  irregular,  and  finding  the  inefficiency  of 
the  common  cushion,  (for  while  at  times  it  exerted  a  strcnig 
pressure,  at  other  times  it  exerted  no  pressure  at  all)  I  was  led 
to  adopt  the  arrangement,  of  which  fig.  10,  Plate  I,  is  a 
section,  and  fig.  11,  a  back  view.  A  B  C  is  a  cushion  formed 
of  Indian  rubber,  and  covered  with  wash-leather,  presenting 
to  the  cylinder  a  surface  ABC.  It  is  filled  with  water,  by 
means  of  a  condensing  syringe,  through  a  valve  D,  ait  the 
back.  To  give  strength,  the  side  A  C  is  attached  to  a  metal 
plate  X  t/f  by  passing  a  needle,  with  stout  thread,  through  the 
leather  cover  and  thr<High  holes  drilled  in  the  edge  of  the 
plate,  as  seen  in  fig.  1 1. 

The  amalgam  is  not  applied  to  the  cushion  itself;  but  to  a 
silk  flap  attached  to  its  lower  edge,  and  passing  between  it 
and  the  cylinder. 

The  free  motion  of  the  particles  of  water  among  themselves 
rendered  this  a  great  acquisition,  for  it  accommodates  itself  so 
as  always  to  present  the  requisite  pressure  to  the  revolving 
cylinder.  Should  any  of  your  readers  object  to  it  on  account 
of  waters  being  present,  I  would  say,  that  the  experience  of 
two  years  satisfies  me  that  no  dampn^s  originates  from  that 
source ;  and  this  from  the  Indian  rubber  being  waters-proof, 
and  the  valve  water-tight. 

llie  merit  of  inventing  the  water  cushion  is  due  to  Mr.  T. 
Forster,  14,  Bsising  Lane,  who  applied  it  to  a  purpose  in 
surgery :  but,  on  my  suggesting  that  it  would  be  a  desirable 
substitute  in  place  of  the  usual  rubber  of  the  machine,  he 
kindly  arranged  one  as  above,  which  answers  every  expectation . 

I  remain.  Sir, 

Your  obedient  servant, 
To  fV.  Sturgeon,  Esq.  CHARLES  V.  WALKER. 


XIII.  Mr.  Fox'*s  Experiments,  By  J.  Murray,  Esq.  F.S.A. 

F.  L  .S.  F.  H.  S.    F.  G.  S.  8fc. 

First  Letter  to  the  Editor  of  the  Annals  of  Electricity. 

Sir, 

Electricity  is  a  fine  field  wherein  genius  may  well  revel.  I 
only  wish  that  I  could  find  time  to  be  an  occasional  contribu- 
tor to  the  annals  of  a  science  I  love  so  well. 

Among  the  many  active  experimenters  that  share  in  its 
pleasures,  I  do  not  know  one  whose  results  promise  to  shed 
more  light  on  some  of  the  more  recondite  phenomena  of  geo- 
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logy,  than  the  curious  and  interesting  experiments  of  Mr.  Rr 
W.  Fox.  I  think  his  theory  of  metallic  veins  extremely  beauti- 
ful and  highly  satisfactory.  There  is  some  difficulty,  I  admit, 
not  in  reference  to  the  opening  of  the  fissures,  but  of  maintain- 
ing them  in  that  state :  the  walls  having  a  tendency  to  close  in 
upon  the  miner.  The  progressive  widening  of  the  fissures 
from  time  to  time,  however,  certainly  obviates  much  of  the 
difficulty.  The  natural  machinery  employed  by  a  prospective 
Providence  in  replenishing  these  veins  with  their  metallic 
contents  is  at  once  simple  and  sublime. 

I  have  no  doubt  whatever  that  Mr.  Henwood  is  a  clever 
man,  but  certainly  all  those  who,  with  myself,  have  the  plea- 
sure of  knowing  Mr.  Fox  and  have  witnessed  the  progress  of 
his  experiments,  will  be' firmly  persuaded,  from  the  accurate 
electro-chemical  knowledge  he  possesses,  that  he  is  not  likely 
to  offend  in  any  of  the  conditions  necessary  to  sustain  the 
character  of  an  acute  observer.  The  specimens  he  was  so 
good  as  to  present  to  me,  certainly  indicate  the  definite  changes 
he  has  so  well  described. 

But  the  most  curious  of  all  Mr.  Fox's  experiments  is  unques- 
tionably the  lamination  of  clay.  It  illuminates  the  geology 
of  rocks,  and  shows  the  all -pervading  power  of  this  subtile  and 
still  mysterious  agent,  and  its  connexion,  perhaps,  with  the 
lamellar  form  of  gneiss  and  its  congeners;  and  of  mica-slate 
and  clay-slale  and  its  subordinate  shale.  Perhaps,  however, 
one  of  the  most  interesting'  c^  its  associations  may  eventually 
be  found  to  be  coa/  and  many  of  its  phenomena,  as  to  their 
solution,  remaining  apocryphal  or  undetermined.  Lord 
Willoughby's  interesting  experiments  on  the  compression  of 
peat,  and  the  production  of  an  imperfect  coal,  conjoined  with 
electric  influence,  may  contain  the  elements  of  the  solution  of 
its  formations,  and  reduce  to  its  proper  and  legitimate  dimen- 
sions, that  indefinite  and  mighty  measure  of  time  deemed 
necessary  for  the  production  of  coal,  and  in  the  expenditure  of 
which  element,  modem  geologists  are  so  lavish  and  unlimited. 

I  remain.  Sir 

Your  obedient  humble  servant, 
London,  Uth  June,  1838.  J.  MURRAY. 


Lightning  Rods,    By  J.  Murray,  Esq.  F.  S.  A.    F.  L.  S. 

F.  H.  S.    F.  G.  S.  8fc. 
Secofid  Letter  to  the  Editor  of  the  Annals  of  Electricity. 
Sir, 

While  no  reasonable  doubt  can  be  entertained  of  the  ster- 
ling talent  of  Mr.  Harris  as  an  eminent  electrician,  I  must 
confess  that  I  think  Mr.  Roberts's  suggestions  justly  entitled 
to  deep  consideration. 


Mr.  Murray,  on  Lightning  Rods.  65 

I  confess  that  my  views  of  Mr.  Harris's  conductors,  as  ap- 
plied to  the  masts  of  ships  at  sea,  are  something  similar  to 
those  of  your  esteemed  correspondent.  No  doubt  Mr.  Roberts 
is  well  acquainted  with  M.  Gay  Lussac's  proposed  plan  for  a 
lightning  rod,  namely,  a  metallic  rope  composed  of  several 
strands  of  twisted  wire. 

I  believe.  Sir,  you  have  stated  that  the  best  conductors  are 
not  free  from  the  danger  attendant  on  what  has  been  called 
"the  lateral  explosion."  I  have  always  considered  this  pheno- 
menon to  be  connected  with  the  principles  of  induction.  It  is 
quite  true,  however,  that  a  very  formidable  electric  discharge 
may  be  transmitted  through  the  more  highly  inflammable 
materials,  by  means  of  a  good  conducting  medium,  yet  without 
ignition,  provided  the  conductor  be  continuous  oruninterrupted. 

I  will  frankly  confess,  as  the  result  of  my  numerous  obser- 
vations on  the  effects  of  lightning,  and  experimental  reseaches 
on  electricity,  that  I  for  one  think  it  pervades  the  surface 
chiefly  in  the  case  of  good  conductors,  as  of  silver  and  copper; 
and  that  its  depth,  except  when  such  surface  is  obscured  by 
oxide,  is  scarcely  appreciable.  I  have  little  doubt,  therefore, 
that  superficies  is  chiefly  concerned,  and  ought  not  to  be 
overlooked  in  the  estimate ;  and,  if  I  mistake  not,  this  syn- 
chronises with  the  views  of  M.  Biot  in  his  Traits  de  Physique. 

•The  interesting  isubject  of  conductors  has  engaged  much  of 
my  attention ;  and  as  my  lightning  rods  have  been  extensively 
erected,  I  shall  be  obliged  to  you  to  allow  me  to  submit  iat 
the  consideration  of  your  readers  and  the  contributors  to  the 
Annals,  a  brief  description  of  their  construction  and  the  prin- 
ciples on  which  they  are  founded :  premising  that  in  their 
application  to  the  masts  of  vessels,  I  recommend  flexible  and 
sliditig  tubes  like  those  of  a  telescope,  a  provision  readily 
adjusted,  to  the  case  of  the  top-mast  or  top-gallant-mast, 
when  struck  in  a  storm. 

A  point  for  the  safe  receipt  of  the  lightning,  a  good  con- 
ducting material  for  its  transmission ;  a  sufficient  surface  &e. 
for  quantity ;  a  continlious  unbroken  channel  from  the  summit 
to  the  humid  subsoil,  and  the  preservation  of  its  conducting 
character  unimpared,  and  in  perpetuity ;  these  seem  to  embrace 
all  the  desiderata  that  should  enter  into  the  composition  of  a 
perfect  conductor,  and  I  believe  none  of  these  requisites  will 
be  found  wanting  in  my  lightning  rod. 

My  conductor,  then,  consists  of  a  series  of  hollow  copper 
tubes,  composed  of  gas  piping  and  rendered  continuous  by 
connecting  joints  at  definite  lengths.  This  terminates  in  a 
solid  pyramid  of  copper  at  top,  screwed  into  the  pipe,  and 
surmounting  the  loftiest  part  of  the  building.     The  rod  thus 
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presents  a  fine  point  and  four  sharp  angles  for  the  reception 
of  the  meteor.  Beneath  this  pyramidal  termination,  the  stem 
of  the  conductor  is  perforated^  so  that  the  electricity  may 
escape  to  the  earth  by  the  internal  as  well  as  the  external 
surfi^c^.  The  lower  part  of  the  pipe  enters  the  earth  inclined 
at  a  certain  angle  from  the  vertical  wall^  and  terminates  in 
the  wet  subsoil. 

The  surface  of  the  conductor  is  preserved  unimpaired  on 
galvanic  principles^  namely,  by  ribbons  of  zinc,  at  intervals 
on  the  stem  straps  of  leather  being  interposed,  and  copper  wire 
forming  the  circle  of  communication.  Loops  of  zinc  wire 
connect  the  conductor  to  nails  driven  into  the  wall. 

I  am,  sir, 
London^  Your  obedient  servant, 

June  nth,  1838.  J.  MURRAY. 

To  Mr.  fV.  Sturgeon. 


XIV.     Description  of  a  new  Bell  Machine  used  in  Pneu- 
matic experiments^  invented  by  Mr.  Henry   Castell. 

Portsmouth. 

Having  frequently  heard  complaints  made  of  the  inefficiency 
of  the  bell  machines. now  used  in  pneumatic  experiments,  I 
have  endeavoured  to  improve  them;  and  have  invented  two 
self-acting  ones  which  have  been  found  to  be  far  better  than 
those  generally  used.  Fig.  20,  Plate  HI,  represents  the 
machine  best  adapted  for  general  use,  as  it  may  be  manufac- 
tured at  a  much  lower  price  than  fig.  21 ;  and  it  will  be  gene- 
rally found  sufficient  for  the  experiments  it  is  required  for.  It 
will  ring  the  bell,  when  wound  up,  between  six  and  seven 
minutes,  which  is  I  believe  a  sufficient  time  to  exhaust  a 
common  receiver  and  allow  the  air  to  return  and  demonstrate 
that  the  bell  will  then  sound.  The  bell,  from  its  being  placed 
over  the  wheels  may  be  much  larger  than  those  now  used, 
and  of  course  will  sound  more  distinctly,  which  will  prevent 
the  working  of  the  machine  being  heard,  and  the  hammers 
working  outside  of  it,  their  motion  will  be  seen,  which  cannot 
be  when  acting  under  it.  The  revolving  colours  may  be  ap- 
plied to  the  use  of  the  escapement  wheel  C,  as  shown  in  fig. 
23,  H ;  and  the  machine  may  be  attached  to  the  top  of  the 
receiver  by  a  cord  attached  to  the  interior  of  the  bottom  of 
the  bell.  The  machine  fig.  21,  is  on  a  larger  scale  than  fig. 
20,  and  a  different  plan.  It  will  continue  working  upwards  of 
half  an  hour  ;  it  is  capable  of  striking  a  bell  that  would  be 
distinctly  heard  by  a  very  numerous  audience,  and  there 
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would  be  a  short  interval  between  the  blows  of  the  hammer, 
which  would  render  the  sound  rather  more  distinct;  and  the 
two  opposite  colours  H^  revolving  at  a  sufiSiciently  slow  rate  to 
prevent  their  blending,  would  show  a  long  distance  froni  the 
machine  that  it  was  in  motion,  and  may  therefore  be  preferred 
by  gentlemen  lecturing  at  Institutions  or  Public  Halls. 

Description  of  the  Plate, 

Fig.  20,  Plate  III. 

A.  The  square  to  wind  up  the  spring. 

B.  The  barrel  with  42  teeth  containing  the  spring. 

C.  The  escapement  wheel  with  24  teeth. 

D.  The  verge  to  act  on  the  teeth  of  the  wheel  C. 

E.  The  hammers  moved  by  the  action  of  the  escapement  to 

strike  the  bell. 

F.  The  bell. 

G.  The  revolving  colours  may  be  applied  to  the  end  of  the 

escapement  wheel  pinion^  as  fig./23,  H. 

Fig.  21. 

A.  The  barrel  with  78  teeth  containing  the  spring. 

B.  Pin  wheel  64  teeth,  pinion  8. 

C.  Stop  wheel  56  teeth,  pinion  8. 

D.  Forth  wheel  44  teeth,  pinion  7. 

E.  Fly,  pinion  7. 

Fig.  22,  represents  the  mechanism  complete. 

F.  The  bell. 

G.  The  hammer  to  strike  the  bell. 

Fig.  23. 

N.  The  square  to  wind  up  the  spring. 

H.  The  revolving  colours  to  show  the  machine  is  in  motion. 

I.  The  spring  lever  to  stop  the  machine. 

K.  Pin  for  the  lever  I  to  work  on  when  its  position  is  altered. 

Fig.  24,  shows  the  action  of  the  hammer. 

L.  The  hammer  spring. 

M.  Hammer  arbour  and  tail. 

B.  The  wheel  raising  the  hammer  tail. 


XV.     London   Electrical  Society. 

Tuesday,  '2Qth  May,  1 838.— The  first  annual  meeting  of  the 
members  of  this  society  was  held  in  the  Theatre  of  the  Royal 
Gallery  of  Practical  Science,  Adelaide  Street,  to  receive  the 

F2 
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report  of  the  committee^  and  on  general  business ;  J.  E.  John- 
son, Esq.  M .A.  in  the  chair. 

The  report,  which  was  read  by  the  assistant  secretary, 
congratulates  the  society  on  its  present  prospects,  and  ex.- 
presses  the  confidence  of  the  committee  that  the  same  steady 
pursuit  of  science,  and  avoidance  of  all  mere  personal  interests ; 
the  same  unanimity  and  anxious  desire  of  assisting  others^ 
without  in  any  way  (as  a  body)  obtruding  their  own  opinions^ 
will  secure  to  the  society  still  fiirther  support. 

The  thanks  of  the  society  were  voted  to  the  honorary  and 
assistant  secretaries,  and  also  to  the  committee,  with  a  request 
that  they  would  continue  their  exertions  until  a  permanent 
council  was  formed. 

Saturday y  2rf  June. — A  paper  by  C.  Griffin,  Esq.  of 
Leamington,  on  homogeneous  attractions  of  electricity,  was 
read.  This  paper  is  given  at  length  in  the  present  number  of 
the  Annals,  page  36.  A  paper  was  also  read  by  Mr.  C.  V. 
Walker,  on  the  local  attraction  of  the  magnetic  needle  on 
board  of  steam  boats.  This  paper  is  also  inserted  in  the  present 
number  of  the  Annals. 

It  was  then  unanimously  resolved,  that  the  future  evening 
meetings  of  the  society  should  take  place  on  the  first  and 
third  Tuesday  of  every  month,  instead  of  Saturday. 

Tuesday y  \9th  June, — A  paper  was  read  by  Mr.  Jeffery, 
containing  observations  on  some  new  facts  in  voltaic  electricity. 
The  observations  made  by  the  author  of  this  paper  arose  from 
the  circumstance  of  Mr.  Clarke,  Philosophical  Instrument 
Maker,  of  the  Lowther  Arcade,  having  some  time  ago  com- 
bined a  number  of  Zamboni's  piles  by  means  of  quicksilver 
connexions,  for  which  purpose  short  terminal  wires  were  at- 
tached to  the  extremities  of  the  piles  and  amalgamated;  in 
concluding  the  experiments  the  piles  were  severally  folded  in 
brown  paper.  When  examined  twelve  months  afterwards,  the 
terminal  wires  exhibited  the  following  results : — the  amalga- 
mated terminals  were  covered  with  minute  metallic  crystals, 
which  the  author  thought  were  propuced  by  the  electric  action 
of  the  piles  to  which  the  wires  had  been  attached. 

A  paper  was  also  read  by  Andrew  Crosse,  Esq.,  of  Brom- 
field,  Somerset,  containing  an  account  of  a  series  of  daily  ob- 
servations made  with  a  sustaining  battery,  to  ascertain  the 
increase  or  diminution  of  the  power  of  the  same,  as  corres- 
ponding with  the  increase  or  diminution  of  the  temperature  of 
the  atmosphere  during  a  part  of  the  last  winter,  and  com- 
menced previously  to  the^  very  severe  frost ;  and  also  a  few 
remarks  on  the  agency  of  heat,  in  electro-crystallization.  As 
it  is  the  intention  of  the  society  to  print  this  paper  in  their 
transactions,  we  can  only  briefly  allude  to  the  contents. 
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The  observations  on  the  sustaining  battery  are  for  a  period 
of  28  days,  from  the  23d  December,  1837,  to  I9th  January, 
1838.     The  weekly  average  result  is  as  follows : — 

Gas  collected.*  Average  Temperature. 

First  Week  434'  a  little  above  50' 

Second  Week  388*  not  quite  46* 

Third  Week  310J-  „  37' 

Fourth  Week  306"  a  little  above  32' 

There  is,  however,  a  singular  fact  connected  with  the  above 
observations ;  viz.  that  on  the  last  day,  with  the  thermometer 
at  32"  with  ice  in  all  the  cells,  the  quantity  of  gas  obtained  in 
the  volameter  was  exactly  the  same  as  on  the  first  day,  when 
the  thermometer  was  50'. 

In  the  experiments  for  the  formation  of  crystals,  Mr.  Crosse 
tried  the  effects  of  heat  in  combination  with  voltaic  electricity. 
The  solutions  were  kept  at  the  boiling  point  from  one  to  six 
weeks,  the  solutions  being  constantly  replaced  as  they  evapo- 
rated, which  in  some  instances  exceeaed  seven  gallons  in  every 
twenty-four  hours. 

Mr.  Crosse  exhibited  several  specimens  of  the  crystals, 
chiefly  of  copper  and  its  compounds.  Taking  up  one  Mr. 
Crosse  said,  this  is  iridiscent  copper-ore,  produced  in  eight 
months  by  this  simple  process.  When  the  negative  and  posi- 
tive cells  contain  sulphate  of  copper  and  muriate  of  ammonia, 
crystals  of  various  kinds  are  formed.  If  the  process  of  crystal- 
lization be  carried  on  in  the  dark,  with  hot  solutions  and 
water,  there  will  not  be  any  cessation  of  action :  but  in  the 
usual  way  of  experimenting,  there  seems  to  be  a  point  at 
which  crystallization  stops.  He  produced  a  specimen  (formed 
in  the  absence  of  light)  of  red  oxide  of  copper  in  crystals  per- 
fectly octohedral,  which  he  considers  to  be  very  rare  in  nature. 
Mr.  Crosse  stated  that  six  sided  prisms  of  carbonate  of  lime, 
attached  to  a  coil  of  wire  suspended  in  a  glass  vessel,  were 
destroyed  when  exposed  to  the  light. 

Mr.  Crosse  is  inclined  to  think,  from  a  series  of  experiments 
which  he  is  at  present  making,  that  fissures  in  the  earth  are 
caused  by  electrical  action,  and  that  in  all  probability  every 
description  of  gems,  found  in  the  earth,  can  be  formed  by  the 
union  of  pressure,  heat,  electricity,  and  absence  of  light. 


♦  Mr.  Crosse  collected  the  liberated  gases  in  a  cvlindrical  glass 
tube,  graduated  into  equal  parts,  which  are  here  called  degrees. 
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XVI.     Proceedings  of  the  Royal  Irish  Academy, 

(Extract.) 
April  9,  1838. 

SIR  Wm.  R.  HAMILTON,  A.  M.,  President,  in  the  Chair. 

Dr.  Kane  read  a  paper  on  the  sulphates  and  nitrates  of 
mercury,  particularly  the  basic  salts  foirmed  by  ammonia. 

In  a  former  paper  Dr.  Kane  had  shown,  that  by  the  action 
of  ammonia  on  the  chlorides  of  mercury,  there  were  generated 
compounds  involving  the  radical  nh,,  (amidogen,)  and  the 
design  of  the  present  paper  was  to  develop  the  I'unction  of  the 
ammoniacal  element  of  the  oxyen  salts  of  that  metal.  It  was 
found,  however,  that  from  the  diversity  of  the  results  of  former 
chemists  regarding  the  common  basic  salts  of  mercury,  it 
became  necessary  to  re-examine  them  in  order  to  establish 
some  fixed  points  to  which  the  constitution  of  the  ammoniacal 
bodies  might  be  referred. 

Among  the  numerous  formulae  which  have  been  assigned  to 
Turbith  mineral.  Dr.  Kane  has  found  ug  o.  so^-\-2iig  o  to 
be  correct,  (Hgf=101,4,)  and  there  is  no  other  subsulphate  ; 
the  pure  turbith,  no  matter  how  prepared,  possessing  that 
constitution.  By  the  action  of  ammonia  on  persulphate,  or 
on  turbith  mineral,  there  is  generated  a  white  powder,  which 
ij^as  submitted  to  most  care^l  analysis,  and  gave  the  formula 
Hgo.  so3+2H§'o4-Hg^.  NH,,  was  fouud.  The  proof  that  the 
fourth  atom  of  mercury  in  this  body  is  not  an  oxide,  is  full 
and  positive,  and  hence  Dr.  Kane  no  longer  retains  the  paral- 
lelism of  theories  used  in  his  former  memoir,  as  the  absence 
of  oxygen  may  now  be  considered  as  fully  proved. 

The  crystallizable  nitrate  of  the  red  oxide  of  mercury  has 
been  found  no  3  4-2Hg  o4-2ho,  as  the  younger  Mitscherslich 
had  stated ;  and  Dr.  Kane  shows  that  there  are  two  basic  per- 
nitrates,  of  which  the  one,  yellow,  is  simDar  in  composition  to 
the  basic  nitrates  of  copper  and  bismuth,  that  is,  ho.no ^ -|- 
3h^  o,  and  the  second,  of  a  brick  red  colour,  he  is  disposed 
to  consider  as  NO^+6Hg  o,  though  it  was  found  exceedingly 
difficult  to  decide  whether  the  compound  did  not  retain  a  trace 
of  water. 

It  is  known  that  for  the  composition  of  the  white  precipi- 
tate, which  is  given  by  ammonia  with  pemitrate  of  mercury, 
different  results  had  been  obtained  by  Mitscherslich  and  Sou- 
beiran.  These  discrepancies  have  been  reconciled  by  the 
discovery  that  there  are  at  least  two,  perhaps  three,  precipji- 
tates,  almost  identical  in  colour  and  properties,  produced  in 
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this  reaction^  but  which  differ  remarkably  in  their  chemical 
constitution.  When  the  solutions  are  cold^  and  the  ammonia 
not  in  excess^  the  white  precipitate  has  the  composition 
NHa.NO^-l-SHg^o,  the  formula  obtained  by  George  Mitschers- 
lich,  but  if  the  liquor  be  warmed,  it  becomes  Hfi^.o.NO^  +2Hgo 
-|-H^NH,.  This  modification  is  evidently  that  which  was 
analyzed  by  Soubeiran,  for  he  found  one  atom  of  acid,  one  of 
ammonia,  and  four  of  mercury,  which  ratio  is  quite  true.  It 
will  be  at  once  seen  that  the  former  body  corresponds  to  the 
yellow  basic  nitrate,  the  oxide  of  hydrogen  being  replaced  by 
the  amide  of  hydrogen.     Thus 

NH3  Z=  NHj.H  =  ACfH. 

HO.NO3      +  3Hg"0.  , 

HArf.NO^  +  3HgO. 

This  view  is  remarkably  corroborated  by  the  fact,  that  when 
a  solution  of  nitrate  of  ammonia  is  poured  on  the  yellow  basic 
nitrate,  the  white  powder  is  formed,  vrfaile  nitric  acid  is  set 
free.  Another  remarkable  case  of  combination  is  shown  by 
comparing  the  powder  formed  by  boiling  the  white  plrecipitate 
with  two  of  those  described  in  this  paper.     Thus  there  are 

Kg.cl     4-  2BgO  +  Hghd. 

Hg^.so^  +  2Hgo  4-  ngAd. 
Hg.NOg  +  2Hgo  4-  Hgxd. 

To  which  may  be  added,  the  oxychloride 

Bg.cl    +  2Hgo  4-  BgO. 

When  the  white  ammonia  subnitrate  is  boiled  with  solution 
of  ammonia,  it  dissolves,  and  a  crystalline  substance  is  depo- 
sited of  a  very  interesting  nature.     Its  formula,  by  analysis,  is 

3  (nh^o.no,)  4. 4Hgo, 

But  the  circumstances  .under  which  it  is  formed  rather  indi- 
cate for  its  rational  formula  the  following : 

(Hg^NOg4-2HgO+HgArf)+2(NH40.NO,)+2HO 

George  MitscUerslich  had  already  obtained  a  compound  of 
a  similar  nature,  being 

NH  3  NO  5  +2HgO=(HgHO^  +2Hg04-  HgArf)+N  H  ^  O.NO  ^ . 

Passing  to  the  nitrates  of  the  black  oxide  of  mercury.  Pro- 
fessor Kane  has  verified  the  analysis  of  George  Mitscherslich, 
of  the  two  crystallized  protonitrates ;  he  then  shows  that 
there  exists  one  definite  subnitrate  of  the  black  oxide,  the 
yellow  powder  analyzed  by  Grouvelle.  Dr.  Kane  finds  that 
this  powder  always  retains  an  equivalent  of  water,  that  its 
formula  is  no.N05  4-2Hg^8.o,  and  that  the  grCy  subnitrates 
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which  have  been  noticed  by  some  chemists,  axe  impure  mix- 
tures of  black  oxide  and  the  yellow  powder.  Dr.  Kane  con- 
siders the  nitrates  of  the  black  oxide  of  mercury  to  be  thus 
related : 

First  crystallized,       zz  Hg^j.o.NO^+^HO. 
Yellow  powder,  m  ho.no^       4-2Hg^.,.o. 

Second  crystallized,    zz2No^4-3Hg^.,.o4-3Ho.  A  double  salt. 

Great  difficulty  was  foimd  in  determining  what  specimen  of 
Hahneman's  mercury  should  be  considered  as  pure  and  fit  for 
analysis.  Considering  that  the  most  important  sources  of 
error  tend  to  throw  the  value  of  mercury  too  high,  Dr.  Kane 
derives  his  formula  from  the  lowest  number  which  he  obtained 
by  analysis,  and  these  numbers  were  given  always  by  the 
blackest  and  purest  looking  portions.  He  finds,  on  these 
grounds,  for  the  ammonia  subnitrate  of  the  black  oxide,  the 
formula  NH3.N03+2Hg.,.o.  which  is  related  to  the  water  sub- 
nitrate  in  a  simUar  manner  to  what  holds  in  the  corresponding 
compounds  of  the  red  oxide. 

Thus,  in  this  paper,  two  propositions  are  developed  :  1st. 
Increased  evidence  of  the  formation  of  metallic  amides.  2d; 
That  ammonia  as  amide  of  hydrogen  is  capable  of  replacing 
oxide  of  hydrogen  in  its  various  functions  in  the  quicksilver 
s^lts. 


Professor  Apjohn  read  a  paper  "  on  the  Properties  of  a  new 
Voltaic  Combination,"  by  Thomas  Andrews  M.  D.,  Professor 
of  Chemistry  in  the  Belfast  Institution. 

The  object  of  the  author  in  this  paper  is  to  extend  the 
results  which  he  has  already  obtained  on  the  influence  of  vol- 
taic circles  upon  the  solution  of  the  metals  in  nitric  acid  to  the 
case  of  concentrated  sulphuric  acid.  When  a  plate  of  zinc  is 
heated  to  the  temperature  of  240*  cent,  in  sulphuric  acid,  of 
the  sp.  gr.  1.847,  it  is  dissolved  with  the  rapid  disengagement 
of  a  mixture  of  hydrogen  and  sulphurous  acid  gas ;  but  when 
a  similar  plate,  voltaically  associated  with  a  platina  wire,  is 
introduced  into  the  same  acid,  its  rate  of  solution  is  reduced 
to  one- third  of  the  other,  no  gas  appears  at  the  zinc,  and  sul- 
phurous acid,  almost  perfectly  pure,  separates  at  the  platina 
wire.  Similar  efiects  occur  at  other  temperatures,  but  the 
proportion  between  the  quantity  of  zinc  dissolved  when  alone, 
and  when  connected  with  platina,  varies  with  the  temperature. 
A  minute  investigation  is  given  of  the  effect  of  the  distance 
between  the  metallic  sm-feces,  and  of  their  relative  extent  upon 
the  solution  o>  the  zinc,  and  the  development  of  the  electrical 
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current ;  from  which  it  appears,  that,  as  in  common  cases,  the 
action  on  the  zinc  was  increased  by  diminishing  the  distance 
between  the  zinc  and  platiua  in  the  liquid,  but  on  the  contrary, 
was  diminished  by  increasing  the  extent  of  the  platina  sur£eice. 
The  latter  anomalous  result  is  carefully  examined  and  ex- 
plained. 

.  The  influence  of  the  contact  of  platina  with  the  other  metals, 
resembles,  in  general,  its  effect  upon  zinc,  except  in  the  cases 
of  mercury  and  arsenic,  in  which  the  solution  does  not  appear 
to  be  retarded  in  this  way,  nor  is  there  almost  any  gas  evolved 
from  the  platina. 

The  general  conclusion  drawn  by  the  author  from  all  his 
experiments  is,  that  the  formation  of  a  voltaic  circle  generally 
diminishes,  and  never  increases  chemical  action,  when  the 
liquid  conductor  is  an  oxy-acid  of  such  a  strength,  that  the 
electro-positive  metal  is  oxidized  from  the  decompositions, 
not  of  water,  but  of  the  acid  itself. 


Professor  Mac  CuUagh  exhibited  and  described  a  new  op- 
tical instrument,  intended  chiefly  for  the  purpose  of  making 
experiments  on  the  light  reflected  by  metals.  The  instrument 
consists  of  two  hollow  arms  or  tubes,  moveable  about  the  cen- 
tre, and  in  the  plane,  of  a  large  divided  circle,  each  arm  being 
provided  with  a  Nicol's  eye-piece,  or  some  equivalent  con- 
trivance for  polarizing  light  in  a  single  plane ;  while  in  one 
arm,  which  is  of  course  crooked,  a  Fresnel's  rhomb  is  inter- 
posed between  the  eye -piece  and  the  centre  of  the  circle.  At 
this  centre  is  placed  a  stage  for  carrying  the  reflector,  with  its 
plane  perpendicular  to  the  plane  of  the  circle,  and  having  a 
motion  to  and  fro  for  adjustment.  Each  eye-piece,  as  weU  as 
the  FresnePs  rhomb,  turns  freely  about  the  axis  of  the  arm 
to  which  it  belongs,  and  is  provided  with  a  small  circle  for 
measuring  its  angle  of  rotation.  When  the  two  arms  are  set 
at  equal  angles  with  the  reflector,  and  the  observer  looks 
through  the  crooked  arm,  he  will  see  a  light  admitted  through 
the  straight  one ;  and  then,  by  turning  the  FresnePs  rhomb, 
and  the  eye-piece  next  his  eye,  he  will  be  able,  by  means  of 
their  combined  movements,  to  find  a  {position  in  which  the 
light  will  entirely  disappear.  An  observation  will  then  have 
been  made  ;  for  the  light,  before  its  incidence  on  the  metal,  is 
polarized  in  a  given  plane  by  the  first  eye-piece ;  but  after 
reflexion  from  the  metal,  (as  we  know  from  Sir  David  Brew- 
ster's experiments,)  it  is  elliptically  polarized ;  and  our  object 
is  to  determine  the  position  and  species  of  the  little  ellipse  in 
which  the  reflected  vibration  is  supposed  to  Hbe  performed. 
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Now^  the  axes  of  this  ellipse  are  parallel  and  perpendicular  to 
the  principal  plane  of  the  rhomb^  when  it  is  in  the  situation 
above  described^  where  the  light  completely  disappears  :  and 
the  ratio  of  the  axes  is  the  tangent  of  the  angle  which  that 
plane  makes  with  the  principal  section  of  the  eye-piece  next 
the  eye.  The  angles  are  read  off  from  the  divided  circles; 
and  thus^  for  any  angle  of  incidence,  and  any  plane  of  primi- 
tive polarization,  we  can  at  once  ascertain  the  nature  of  the 
reflected  elliptic  vibration.  Professor  Mac  Cullagh  mentioned 
that  the  instrument 'was  made  last  year  with  the  view  of  testing 
certain  formulae  which  he  has  proposed  for  the  case  of  metallic 
reflexion,  and  which  have  been  prmtedin  vol.xviii.  pp.  70,71, 
of  the  Transactions  of  the  Academy  but  that  he  had  not  yet 
found  leisure  to  make  the  various  adjustments  which  are 
necessary  in  order  to  obtain  satisfactory  results  with  it.  The , 
instrument  is  beautifiiUy  executed  by  Mr.  Gnibb,  who  him- 
self contrived  the  subordinate  mechanism,  by  which  the  requi- 
site movements  are  eflfected  with  perfect  ease  to  the  observer. 


April  23d,  1838 
SIR  Wm.  R.  HAMILTON,  A.  M.,  President,  in  the  Chair. 


Dr.  Apjohn  communicated  a  paper  upon  the  subject  of 
a  new  and  very  complicated  compound,  consisting  of  iodine, 
iodide  of  potassium,  and  the  essential  oil  of  cinnamon. 

This  compound  he  stated  to  have  been  first  observed  in 
the  winter  of  1837,  in  a  solution  prescribed  by  a  medical 
gentleman  of  this  city,  of  iodine  and  iodide  of  potassium  in 
cinnamon  water.  It  is  best  obtained  by  adding  to  a  gallon  of 
cinnamon  water  four  ounces  of  iodide  of  potassium,  and  forty 
grains  of  iodine,  dissolved  in  a  minimum  of  cold  water.  Upon 
admixture,  the  solution  becomes  turbid,  and  if  the  tempera- 
ture be  at  or  close  to  32**,  the  deposit  becomes  crystalline, 
and  slowly  subsides.  The  properties  of  these  crystals  were 
detailed,  and  a  succint  account  given  of  the  different  steps 
of  the  process  employed  for  effecting  their  analysis. 

As  the  result  of  a  number  of  experiments,  the  author 
arrived  at  the  following  numbers,  expressing  the  composition 
of  100  parts  of  the  compound. 

Iodide  of  potassium     .     .     12.55 

Iodine 28.14 

Oil  of  cinnamon      ...     59.31 

100. 
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The  empirical  formula  deducible  from  these  results  is 

IK  +  I3  +  cig 

in  which  ci  represents  c  1  g  Hg  o  ,  the  atom  of  oil  of  cinnamon, 
as  determined  by  Dumas ;  and  the  most  probable  rational 
formula  he  stated  to  be 

iK  +  3(i-f  ci,). 

Calculating  from  this  formula,  its  composition  would  be 

Iodide  of  potassium     .     .     12.26 

Iodine 28.08 

Oil  of  Cinnamon    .     .     .     59.66 


100. 


This  Compound  he  considered  interesting  under  many  points 
of  view  ;  in  consequence  of  its  complexity,  the  peculiarities  of 
its  properties,  and  its  presenting  a  case  of  incompatibility 
which  had  not  been  previously  suspected.  Also,  as  suggesting 
means  which  would  probably  lead  to  the  production  of  an 
entire  new  series  of  substances  having  an  analogous  com- 
position. 

Dr.  Apjohn  stated,  that  this  compound  had  been  brought 
under  his  notice  by  Mr.  Moore,  of  Anne  Street,  and  that  he 
and  Mr.  Moore  had  investigated  conjointly  its  properties, 
and  the  best  process  for  obtaining  it.  Of  the  specimen 
exhibited  to  the  Academy,  sixty-one  grains  were  obtained 
from  a  single  gallon  of  cinnamon  water. 


Professor  Lloyd  read  a  paper  "  on  a  Declination  Instrument, 
made  for  the  Magnetical  Observatory  of  Dublin."  The 
instrument,  which  was  made  by  Mr.  Jones,  of  London,  was 
laid  upon  the  table  of  the  Academy. 

The  principle  employed  in  this  apparatus  is  the  well  known 
optical  principle  of  the  collimator  of  Kater.  The  needle  is  a 
rectangular  bar,  twelve  inches  in  length ;  it  is  provided  with 
three  sliding  pieces,  one  of  which  is  at  the  middle  of  the  bar, 
the  other  two  nebr  the  ends.  To  the  former  is  attached  the 
suspension  thread ;  one  of  the  latter  carries  an  achromatic 
lens,  whose  focal  length  is  somewhat  less  than  the  length  of 
the  bar ;  the  other,  which  is  to  be  adjusted  to  the  focus  of 
the  lens,  contains  a  cross  of  wires.  The  rays  proceeding  from 
the  cross  are,  under  these  circumstances,  refracted  parallel  to 
one  another,  and  to  the  line  connecting  it  with  the  centre  of 
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the  lens, — ^which  may  be  denominated  the  line  of  collimation 
of  the  instrument.  If,  then,  a  telescope  be  placed  so  as  to 
receive  any  portion  of  this  parallel  beam,  the  cross  will  be 
seen  in  the  direction  of  the  line  just  mentioned ;  and  that, 
independently  of  the  exact  adjustment  of  the  telescope. 

The  frame- work  of  the  apparatus  consists  of  two  pillars  of 
copper,  firmly  attached  to  a  massive  slab,  of  marble-. — ^The 
height  of  the  pillars  is  eighteen  inches ;  they  are  connected 
by  two  cross  pieces  of  wood,  one  at  the  t6p,  and  the  other 
about  five  inches  from  the  bottom.  In  the  centre  of  the  top 
piece  is  the  suspension  apparatus,  the  plan  of  which  has  been 
adopted  from  the  torsion  balance  of  Coulomb,  as  described  by 
M.  Pouillet.  It  is  provided  with  a  divided  circle,  for  the 
purpose  of  determining  the  amount  of  torsion  of  the  thread, 
and  of  correcting  it. 

The  magnetic  bar,  suspended  by  parallel  silk  fibres,  is 
enclosed  in  a  rectangular  wooden  box,  to  preserve  it  from  the 
agitation  of  the  air.  A  glass  tube,  between  the  two  cross 
pieces,  surrounds  the  suspension  thread,  and  completes  the 
enclosure  of  the  instrument. 

The  box  is  entirely  distinct  from  the  rest  of  the  apparatus ; 
it  is  made  in  two  halves,  which  are  joined  at  the  sides  by 
dovetails;  so  that  it  may  be  put  on  when  the  needle  has  been 
fully  adjusted.  There  is  a  circular  window  at  each  end  of  the 
box. .  That  nearest  the  observer  is  made  of  parallel  glass ; 
and  is  contained  in  a  frame  which  has  a  motion  of  rotation  in 
its  own  plane.  By  a  revolution  of  180^,  the  prismatic  error, 
if  any,  is  corrected.  The  window  at  the  other  end  of  the  box 
is  for  the  purpose  of  illumination.  In  order  to  determine  the 
internal  temperature,  the  box  is  provided  with  a  small  ther- 
mometer, the  bulb  of  which  is  within,  and  the  stem  (bent  at 
right  angles)  on  the  outside  front. 

It  is  intended  to  empjoy  this  apparatus  for  three  pur- 
poses; namely,  to  dQiexxamQy  fLr^t,\he  magnetic  declination  ; 
secondly,  the  periodical  and  the  irregular  variations  of  the 
declinations ;  thirdly,  the  corresponding  variations  of  the 
horizontal  magnetic  force. 

In  using  the  instrument  in  the  determination  of  the  declina- 
tion, it  is  to  be  combined  with  the  theodolite  and  the  transit 
instrument.  The  transit  instrument  is  to  be  fixed  close  to 
the  southern  window  of  the  observatory ;  there  being  also  an 
aperture  in  the  roof  for  the  purpose  of  adjusting  it  to  the 
meridian  by  means  of  the  pole  star  and  S  ursce  minoris.  The 
centre  of  the  theodolite  is  placed,  as  nearly  as  possible,  at  the 
point  where  the  line  of  collimation  of  the  transit  instrument 
intersects  that  of  the  magnetic  bar.     When  an  observation 
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is  made,  the  telescope  of  the  theodolite  is  directed  to  the 
lens  of  the  magnetic  collimator,  and  the  vertical  wire  of  the 
latter  is  made  to  bisect  the  cross  in  the  focus  of  the  telescope. 
When  this  is  dcme,  the  line  of  collimation  of  the  telescope 
is  parallel  to  that  of  the  magnetic  bar.  But  as  the  latter 
line  may  not  coincide  with  the  magnetic  axis  of  the  bar,  a 
similar  observation  is  to  be  made  with  the  bar  inverted ;  and 
the  mean  of  the  two  readings  will  obviously  give  the  direction 
of  the  magnetic  meridiauy  freed  from  the  error  of  collimation. 
To  determine  the  angle  between  this  and  the  true  meridiaUy 
the  transit  telescope  is  to  be  turned  over,  and  employed  as  a 
collimator.  The  telescope  of  the  theodolite  being  directed  to 
its  object  glass,  the  middle  wire  in  the  focus  of  the  transit  is 
to  be  observed,  in  the  same  manner  as  the  wire  of  the  collimator 
bar  was  in  the  former  part  of  the  observation.  The  line  of 
collimation  of  the  theodolite  telescope  is  then  in  the  true 
meridian;  and  the  angle  read  off  on  the  limb  is  the  supple- 
ment of  the  declination. 

In  observing  the  diurnal  and  irregular  variations  of  the 
declination,  the  reference  to  the  meridian  is  not  required. 
Here,  therefore,  the  theodolite  and  transit  instrument  are 
unnecessary,  and  the  former  will  be  replaced  by  a  fixed 
telescope,  furnished  with  a  finely  divided  micrometer  scale  in 
its  focus. 

A  similar  apparatus  serves  for  the  determination  of  the 
changes  in  the  horizontal  magnetic  force.  It  is  only  necessary 
to  moidify  a  little  the  suspension  arrangement,  and  to  substitute 
for  the  single  thread  two  equidistant  threads;  as  in  the 
torsion  electrometer  of  Mr.  Snow  Harris.  The  needle  is 
then  to  be  turned  by  the  force  of  torsion,  into  a  position  at 
right  angles  to  the  magnetic  meridian ;  in  which  position  the 
momentum  of  the  magnetic  force  is  greatest.  The  chatices 
of  position  of  the  bar  (read  off  as  before  by  a  fixed  telescope 
with  a  micrometer  scale)  will  enable  the  observer  to  deduce, 
by  an  easy  formula,  the  corresponding  changes  of  the  mag- 
netic force.  Professor  Lloyd  then  entered  into  some  details 
connected  with  the  theory  of  the  instrument  as  thus  employed ; 
and  he  showed  in  what  manner  it  was  to  be  adjusted,  so  that 
a  given  variation  of  the  magnetic  force  might  produce  the 
greatest  variation  in  the  position  of  the  bar. 


A  paper  was  read  by  Edward  S.  Clarke,  Esq.,  on  an  Im- 
provement which  he  had  lately  made  in  the  Sustaining  Battery, 
and  on  the  size  proper  to  be  given  to  the  zinc  element  of 
sustaining  batteries  in  general. 
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The  author  alluded  to  the  decline  of  voltaic  power  which 
occurs  during  experiment,  and  ascribed  to  M.  Becquerel  the 
credit  of  having  assigned  its  true  cause;  referring  it,  as  this 
philosopher  did^  to  a  transfer  of  the  decomposed  substances  to 
the  respective  plates,  in  such  a  way  as  to  produce  secondary 
currents  moving  in  a  direction  reverse  to  the  primary  current. 

Mr.  Clarke  also  alluded  to  the  fact,  that  Becquerel  was 
the  first  person  who,  to  remedy  this  evil,  adopted,  in  1829, 
the  use  of  a  membranous  partition,  and  two  different  liquids, 
to  separate  the  respective  metals ;  but  added,  that  the  form 
this  philosopher  adopted  was  imperfect,  in  consequence  of  the 
difficulty  of  affixing  the  membranous  portion  staunchly  to  the 
sides  of  the  square  glass  box  which  contained  the  two  different 
fluids. 

The  author,  after  referring  to  the  sustaining  battery  of  Pro- 
fessor Daniel  and  to  the  modification  of  that  apparatus  adopted 
by  Mr.  Mullins,  exhibited  to  the  Academy  a  battery  whieh 
he  had  devised  to  remedy  a  defect  affecting  all  previous  com- 
binations, and  in  which  each  surface  of  the  hollow  zinc  cylin- 
der had^  as  first  recommeded  by  Mr.  WoUaston,  a  surface  of 
copper  opposed  to  it.  An  account  was  also  given  of  several 
experiments  which  showed  the  advantage  of  his  fwm  in  calo- 
rific and  electro-magnetic  experiments. 

Mr.  Clarke's  improvement  consists  in  attaching  a  ring  of 
zinc  by  zinc  rivets  to  the  top  part  of  the  outside  of  the  hollow 
cylinder  of  zinc  used  in  the  ca*rangement  of  Mr..  Mullins,  arid 
drawing  a  bladder  over  this  cylinder,  to  which  it  is  secured  by 
a  cord  to  the  ring ;  and  in  replacing  the  earthenware  jar  by  a 
copper  cylinder,  which  is  furnished  with  a  mercury  cup,  as  are 
also  the  zinc  cylinder  and  the  central  copper.  The  central 
copper  and  the  outer  copper  case  are  connected  by  a  wire 
dipping  into  the  cups.  A  solution  of  sulphate  of  copper  is 
poured,  as  well  into  the  outer  case  of  copper,  as  into  the  blad- 
der surrounding  the  central  copper,  and  muriate  of  ammonia 
into  the  bladder  enclosing  the  zinc. 

The  author  concluded  by  detailing  some  experiments,  tend- 
ing to  show  that,  (contrary  to  the  opinions  of  M,  Marianini 
and  Mr.  Mullins)  the  maximum  effect  is  obtained  when  the 
surface  of  the  z^^nc  element  is  equal,  or  nearly  so,  to  that  of 
the  copper.* 


*  We  have  received  Mr.  Clarke's  original  paper, '  which,  with 
the  illustrative  figuresof  the  battery,  will  appear  in  our  next  number. 
Edit. 
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XVII.    MISCELLANEOUS  ARTICLES. 

JSTote  on  Mr.  Cooper's  Letter  to  Mr,  Harper^  respecting 

Joyce^s  Stove. 

Having  made  a  very  careful  perusal  of  Mr.  Cooper's  letter 
to  Mr.  Harper,  on  "Joyce's  stove,"  we  are  prepared  to 
furnish  our  readers  with  some  additional  information  respect* 
ing  the  use  of  that  apparatus.  We  shall  premise  by  observing, 
that  the  first  impression  which  the  reading  of  Mr.  Cooper's 
letter  left  on  our  mind  was  simply  this:  that,  sanctioned  as  it 
is  by  Professor  Brande,  it  is  much  better  calculated  to  beser-* 
viceable  to  the  venders  of  Joyce's  stoves  than  to  the  purchasers 
of  them;  for  it  is  sufficiently  obvious,  even  at  first  sight,  to  a 
scientific  man,  that  Mr.  Cooper's  experiments  are  not  only 
deficient  in  point  of  number,  but  appear  to  us,  whether  selected 
or  not,  to  be  eminently  calculated  to  convey  to  the  unwary, 
an  exceedingly  pa,;rtial  view  of  the  real  value  of  the  appa- 
ratus. 

It  might  seem  necessary  to  enquire  why  Mr.  Cooper's  expe- 
riments were  made  in  a  natural  atmosphere  which  required 
no  artificial  heat  to  make  it  agreeable?  Are  the  purchasers  of 
these  celebrated  stoves  to  understand  that  they  are  to  be 
used  only  at  those  times  when  the  natural  temperature  of  the 
room  is  62''  Fahr.?  Is  this  the  information  they  receive  at  the 
sale-rooms?  If,  on  the  contrary,  Joyce's  stove  be  intended 
to  be  more  generally  useful,  and  to  compete  with  other  modes 
of  warming  apartments,  we  readily  perceive  that  Mr.  Cooper's 
experiments  would  have  afforded  a  much  more  perfect  view  of 
the  real  value  of  the  stove ;  and,  consequently,  would  have 
been  of  far  more  importance  to  the  public,  had  they  been 
made  at  those  natural  temperatures  of  the  atmosphere  ix^ 
which  artificial  heat  is  generally  wanted. 

If  proper  experiments  had  been  made  during  the  severe 
^  weather  of  last  winter,  and  that  no  other  artificial  spurce  of 
heat  than  that  produced  by  the  combustion  of  three  ounces  of 
charcoal  per  hour,  had  been  in  the  room,  Mr.  Cooper  knows 
very  well,  that  the  results  would  have  been  very  different  to 
those  stated  in  his  letter. 

It  is  here  we  find  that  the  investigation  is  imperfect  or  par- 
tial ; ,  and  that  there  is  a  blank  at  the  very  point  fi:om  which 
the  only  really  important  information  is  to  be  derived.  But 
as  it  is  our  intention  to  dispose  of  that  which  ha^  been  done. 
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before  we  offer  any  remarks  on  that  which  ought  to  he  done  : 
we  will- now  endeavour  to  apply  the  data  which  Mr.  Cooper's 
summer  experiments  have  alForded,  to  the  solution  of  some  of 
those  problems  which  a  winter's  atmosphere  and  Joyce's  stove 
might  probably  produce. 

If  the  charcogJ  burned  at  an  equable  rate,  from  "eleven 
o'clock  in  the  evening"  till  "ten  o'Clock.  the  following 
morning,"  the  temperature  of  the  air  of  the  room  would  be  at 
a  maximum  at  the  latter  period.  Hence,  from  this  fact,  com- 
bined with  other  data  furnished  by  Mr.  Cooper's  letter,  we  are 
led -to  understand,  that  in  order  to  elevate  the  temperature  of 
2^000  cubic  feet  of  air  from  62*  to  72*5' ;  or  through  a  scale 
of  about  10%  requires  33  "  ounces  of  the  prepared  fuel ;"  and 
eleven  hours  of  time.  And,,  according  to  the  other  experi- 
ment, an  increase  of  13**  of  temperature  would  require  "forty- 
four  ounces  and  a  half  of  fuel,"  and  '^  fifteen  hours  in  a  closed 
apartment."  With  many  persons  time  is  as  valuable  as/t^e// 
and  the  economizing  the  former  of  far  more  importance  than 
that  of  the  latter.  ' 

•  Ijet  usnow  assume,  for  the  convenience  of  illustration,  that 
the  conducting  faculty  of  air,  and  other  bodies  in  th^  apart-^ 
ment,  for  heat,  is  a  constant  quantity  at  all  temperatures. 
Then,  according  to  Mr.  Cooper's  experiments,  we  are  led  to 
understand,  that,  in  order  to  -  elevate  the  temperature  'of 
2,000  feet  of  air,  in  a  close  room,  from  32'  to  72-'5%  would 
require^/bwr  of  Joyce's  stoves,  132  ounces  of  fuel,  and  eleven 
hours  of  time ;  and,  at  some  periods  of  the  severe  frost  of 
last  winter,  no  less  than  six  such  stoves,  198  ounces  of  fuel, 
and  eleven  hours  of  time  would  have  been  necessary  to  raise 
the  temperature  to  72*5'  Fahr.  Or,  it  would  have  required 
five  stoves,  165  ounces  of  fuel,  and  eleven  hours  of  time  to 
have  heated  the  air  of  Mr.  Cooper's  room  to  the  temperature 
at  which  he  found  it  previously  to  the  introduction  of  the 
experimental  stove  * 

Respecting  the  formation  of  carbonic  acid,  the  per  centage 
would  be  proportional  to  the  quantity  of  the  charcoal  con- 
sumed in  the  standard  period  of  eleven. hours;  so  that  by 
adhering  to  Mr.  Cooper's  data,  it  appears  that  by  raising  the 
temperature  to  72*5'*  from  the  freezing  point,  the  air  of  the 
room  would. contain  about  four  per  cent,  of  carbonic  acid; 
and  during  col(}  weather,,  such  as  we  experienced  last  winter, 
the  air  of  the  experimental  room,  heated  to  72*5*'  Fahr.  by 
the  new  mode,  would  be  charged  with  carbonic  acid  to  no 
less  than  one  seventeenth  of  the  whole  mass. 

*  The  number  of  stoves  here  mentioned  is  merely  for  conveuienee 
of  calculation;  Mr.  Cooper's  experiments  affording  no  other  meaoau 


respecting  Joyce^s  Stove.  81 

It  will  hare  been  observed  that,  in  the  above  calculations, 
one  per  cent,  of  carbonic  acid  has  been  taken  for  every  33 
ounces  of  fuel  consumed,  which  is  something  more  than  that 
which  Mr.  Cooper's  experiments  will  allow.  According  to 
one  experiment,  the  carbonic  acid  would  be  4*5  percent.; 
and  according  to  the  other,  a  little  more  than  4  per  cent,  for 
the  combustion  of  198  ounces  of  fiiel. 

The  comparisons  which  Mr.  Cooper  has  made  respecting 
the  carbonic  acid  formed  by  the  combustion  of  oil,  tallow, 
spermaceti,  stearine,  and  gas,  necessarily  stand  on  the  same 
footing  as  those  already  noticed ;  for  if  one  stove  give  as  much 
carbonic  acid  as  two  table  lamps,  for  an  elevation  of  lO^'jof 
temperature,  then  for  an  elevation  of  40%  or  from  the  freezing 
point  to  72*,  thfi  stove  or  stoves  would  produce  as  much  carbonic 
acid  as  eight  sOch  lamps;  and  during  such  weather  as  we  have 
experienced  in  the  present  year,  the  "new  mode'*  of  heating 
would  produce  as  much  carbonic  acid  as  twelve  such  lamps/ 
The  candles  and  gas  would,  of  course,  follow  the  same  ratio. 

The  influence  which  the  names  of  Messrs*  CoOper  and 
Brande  may  have  on  the  public  mind  on  this  important  topic, 
calls  forth  the  judgment  of  every  uncompromising  scientific 
man;  and  humanity  demands  that  a  full  and  faithful  inves- 
tigation of  the  extent  to  which  the  use  of  Joyce's  stove 
may,  probably,  deteriorate  the  air  of  rooms,  be  immediately 
laid  before  the  public  in  the  most  efficient  manner,  to  guara 
the  ignorant  from  imposition,  or  the  timid  from  fear. 

We  entertain  no  doubt  whatever  of  the  accuracy  of  Mr. 
Cooper's  experiments, as  far  as  they  have  extended;  but  they 
fall  sadly  short  of  that  degree  of  importance  which  would  have 
been  attached  to  them  had  they  been  carried  on  at  the  tem-* 
peratures  of  our  usual  winter  seasons,  or  under  circumstances 
in  which  the  article  in  question  is  most  likely  to  be  in  use. 
The  few  calculations  we  have  made  are  the  mere  obvious  infer- 
ences derivable  from  the  scanty  data  which  have  been  placed 
before  us ;  not  venturing  even  a  single  conjecture  relatively  to- 
the  probable  consequences  which  might  result  from  any  varia- 
tion of  the  experiments.  But,  we  should  hold  ourselves  highly 
culpable  of  a  serious  neglect  of  duty,  as  Ekiitor  of  a  scientific 
journal,  were  we  not  to  warn  our  readers  of  the  imperfect  views 
which  Mr.  Cooper's  partial  investigation  of  a  topic  of  such 
vital  public  importance  is  calculated  to  produce;  and  we 
earnestly  solicit  the  attention  of  Mr.  Harper  to  these  candid 
remarks ;  and  suggest  to  him  the  absolute  necessity  of  a  com* 
plete  experimental  investigation  of  the  matter,  and  that  it  be 
proceeded  with  as  early  as  the  temperature  of  the  atmosphere 
will  admit. 
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An  investigatibn  such  as  we  should  recommend  would 
require  at  least  two  rooms^  of  different  sizes.  The  smaller  one 
not  to  be  less  than  that  in  which  Mr.  Cooper  made  his  experi- 
ments: and  the  other  much  larger. 

The  experiments  should  be  made  at  intervals  of  10*  of  tern* 
pera|ure>  from  50%  downwards  to  the  freezing  point  at  least; 
and  as  much  lower  as  our  winter  seasons  would  allow.  The 
standard  elevated  temperature  to  be  60\ 

The  rooms  ought  to  be  no  fitrther  closed  than  what  is  usual 
whilst  warmed  by  ordinary  fires,  or  stoves  in  common  use. 

Thermometers  ought  to  be  suspended  in  various  parts  of 
the  room,  and  at  different  altitudes.  The  experimenter  ought 
to  remain  in  the  room  for  several  hours  at  a  time,  at  intervals, 
during  the  whole  period  the  stove  is  kept  in  play.  The  ther- 
mometric  observations,  and  test  experiments  for  carbonic  acid, 
ought  to  be  made  as  frequently  as  convenient :  and  the  latter 
on  air  taken  from  various  altitudes  in  the  room:  and  the  cha- 
racter of  the  air  at  each  individual  altitude  should  be  dis- 
tinctly stated. 

There  might  be  one  stove  or  more  in  each  room,  as  found 
necessary ;  and  the  total  consumption  of  fuel  in  each  stove 
ought  to  be  strictly  noted.  Editor. 


On  Solid  Carbonic  Acid. 

Letter  from  M.  Thilorier  to  the  Academic  de  Sciences  of  Paris. 

*^  I  have  the  honour  of  now  announcing  to  the  Academy 
that  I  have  just  finished  a  second  memoir  upon  liquid  car- 
bonic acid,  in  which,  after  having  successfully  examined  the 
different  parts  of  this  body,  its  specific  gravity^  which  is  so 
variable  that,  from  32''  to  86*  Fahr.,  it  successively  runs 
through  the  whole  scale  of  densities  from  water  to  that  of 
ethers ;  its  dilatability,  which  is  four  times  greater  than  that 
of  air  itself;  li^  pressure  2lx\A  the  weight  of  its  vapour;  its 
capillarityy  and  especially  its  combressibility^  which  is  a 
tlK)usand-fold  greater  than  that  of  water,  I  have  succeeded 
in  determining  in  the  most  exact  manner,  the  uniform  and 
constant  law  which  regulates  all  these  phenomena,  which  at 
first  view  appear  altogether  independent  of  each  other.  The 
Academy  will  without  doubt  learn  with  interest,  that,  by 
means  of  a  very  simple  apparatus,  I  have  succeeded  in  pro- 
ducing instantly,  and  economically,  a  mass  of  solid  carbonic 
acid  weighing  an  ounce  and  an  ounce  and  a  quarter,  and 
which  the  experimental  chemist  may  beneficially  employ. 
My  first  experiments  on  cold,  which  1  have  already  presented 
to  the  Academy,  were  made  by  directing  a  stream  of  liquid 
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carbonic  acid  upon  the  bulb  of  a  thermometer,  or  on  tubes 
which  enclosed  the  different  substances  upon  which  the  action 
of  the  cold  was  tried.  This  method  had  the  serious  incon- 
venience of  wasting  a  great  quantity  of  the  liquid,  and  of 
leaving  some  uncertainty  upon  the  maximum  of  the  cold 
produced.  The  facility  and  abundance  with  which  I  now 
obtain  the  solid  carbonic  acid  has  supplied  me  with  a  method 
of  experimenting  which  is  infinitely  preferable.  The  bulb 
of  the  thermometer  having  been  introduced  into  the  centre 
of  a -small  mass  of  solid  carbonic  acid,  at  the  end  of  one  or 
two  minutes  the  thermometer  became  stationary  and  stood 
at— ^194*  Fahr.  Some  drops  of  ether  and  of  alcohol  poured 
upon  the  solid  mass  did  not  produce  any  appreciable  difference 
less  or  more  on  the  temperature.  Ether  forms  a  mixture 
which  is  half  liquid,  and  of  the  consistence  of  melting  snow; 
but  alcohol,  in  combining  with  solid  carbonic  acid,  congeals, 
and  produces  a  hard,  brilliant,  and  semi-transparent  ice. 
This  freezing  of  anhydrous  alcohol  only  takes  place  in  the 
act  of  mixture;  when  isolated,  as  in  a  silver  tube,  in 
the  midst  of  a  mass  of  solid  carbonic  acid,  the  alcohol 
undeigoes  no  change  whatever.  The  mixture  of  alcohol  and 
solid  carbonic  acid  begins  to  melt  at — 185*  Fahr,  and  start- 
ing at  this  point,  the  temperature  does  not  vary  any  more. 
Thus  we  can  obtain  from  this  extreme  limit  a  point  as  fixed 
as  is  supplied  by  that  of  melting  ice.  If  after  having  formed 
a  small  coppel  of  solid  carbonic  acid,  we  pour  into  it  three 
or  four  drachms  of  mercury,  it  is  seen  to  congeal  in  a  few 
seconds,  and  to  remain  in  this  new  condition  so  long  as  an 
atom  of  solid  carbonic  acid  remains,  that  is  to  say,  for  twenty 
or  thirty  minutes  when  the  weight  of  the  coppel  is  from  two 
to  three  drachms.  I  have  already  said  that  the  addition  of 
ether  or  alcohol  did  not  augment  the  real  degree  of  the  cold, 
but,  by  giving  the  solid  carbonic  acid  the  power  of  moisten- 
ing bodies,  and  of  adhering  more  intimately  to  their  sur&ce, 
these  substances  much  increase  the  frigerating  effects.  A 
piece  of  solid  carbonic  acid,  on  which  some  drops  of  ether 
or  alcohol  are  poured,  becomes  capable  of  congealing  fifteen 
or  twenty  times  its  weight  of  mercury.  The  promptitude 
with  which  it  is  converted  into  the  solid  state,  the  mass  in 
which  it  is  effected,  and  which  may  easily  exceed  half  a  pound, 
and  its  continuance  in  this  new  condition,  which  may  be 
maintained  as  long  as  you  like,  with  the  single  precaution  of 
placing  the  metallic  mass  upon  a  base  of  solid  carbonic  acid, 
leads  me  to  believe  that  this  method  of  freezing  mercury  will 
henceforward  be  substituted  for  all  those  which  have  been 
previously  employed. 
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Process  for  Ink  devoid  of  free  acifl.  By  R.  Harb,  M.  D. 

Writing  Ink  is  usually  constituted  of  the  tanno-gallate  of 
iron  and  a  portion  of  sulphuric  acid  which  had  existed  in  the 
copperas,  or  sulphate  of  iron  employed  as  one  of  its  ingre- 
dients, the  tanno-gallate  being  suspended  and  the  acid  dis- 
solved in  the  water.  This  free  acid  is  injurious  to  iron  pens. 
Dr.  Hare  has  observed  that  when  an  infusion  of  galls  is  kept 
over  finery  cinder  till  saturated,  it  forms  a  beautiful  ink,  m 
which  of  course  there  is  no  free  acid. 

This  ink  is  rather  more  prone  to  precipitate  than  that  made 
with  sulphate  of  iron,  and  this  propensity  is  not  counteracted 
by  the  addition  of  gum  arabic.  But  on  the  other  hand,  it 
has  the  advantage  of  being  easily  suspended  again  by  agita- 
tion, not  forming  any  concrete  matter  insusceptible^  like 
tommon  ink  grounds,  of  that  distribution  in  water,  which  is 
necessary  to  good  ink.  The  tanno-gallate  of  iron  when  ob- 
tained from  a  filtered  infusion  of  galls  and  finery  cinder,  as 
above  described,  on  being  evaporated  to  the  consistency  of 
thick  molasses,  gum  arabic  in  due  proportion  having  been 
previously  added,  forms  a  pigment  which  might,  it  is  con- 
ceived, supersede  India  Ink.  When  completely  dried,  it 
glistens  like  jet. 

This  tanno-gallate  of  iron  only  requires  to  be  dried  and 
ignited  at  a  low  red  heat,  in  order  to  be  converted  into  a 
pyrophorus.  A  few  years  ago,  Dr.  Hare  ascertained  that, 
by  a  similar  ignition  in  close  vessels,  cyanoferrite  of  iron,  the 
Prussian  blue  of  commerce,  gave  a  pyrophorus.  But  as  the 
pure  cyano-ferrite  of  iron,  resulting  from  the  addition  of  the 
ferro-prussiate  of  potash,  more  properly  the  cyano-ferrite 
of  potassium,  to  a  ferruginous  solution  did  not  form  a  pyro- 
phorous ;  he  was  led  to  believe  the  presence  of  sulphate  of 
alumine  in  the  commercial  Prussian  blue  was  the  source  of 
the  difference,  probably  by  being  converted  into  a  sulphide  of 
aluminium,  or  potassium. 

The  production  of  a  pyrophorus  from  the  tanno-gallate 
proves  that  iron  and  carbon,  when  in  a  state  of  minute  divi- 
sion, are  capable,  by  ignition  in  close  vessels,  of  acquiring 
that  property  of  spontaneous  combustibility  which  entitles 
the  body  which  possesses  it,  to  be  called  a  pyrophorus. 

In  truth  these  results  are  consistent  with  some  facts  men- 
tioned by  Berzelius,  as  having  been  ascertained  by  Mitcheriic, 
respecting  the  spontaneous  combustibility  of  iron,  reduced 
from  the  state  of  magnetic  oxide  to  that  of  the  pure  metal  in 
an  extreme  state  of  division.  Also  the  spontaneous  combus- 
tibilityof  the  residue  resulting  from  the  ignition  of  the  oxide 
of  iron  at  a  red  heat. 
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XVIII.  On  an  improved  form  of  the  Voltaic  Sustaining 
Battery,  and  on  the  size  proper  to  be  given  to  the  zinc 
element  of  stcstaining  batteries  in  general.  By  Edward 
S.  Clarke,  Esq.  M.  R.  I.  A.  8fc.  (fc. 

Read  April  23d,  1838.    See  Page  77. 

Scarcely  had  the  voltaic  battery,  in  all  its  varying  forms, 
attracted  the  attention  of  philosophers,  when  it  was  observed 
that  the  powers  of  this  instrument  sunk  very  rapidly  indeed 
during  the*  progress  of  any  experiment,  continued  even  for  a 
comparatively  short  time. 

This  deterioration  of  power  which  was  so  rapid  in  the  closed 
circuit,  was  observed  to  take  place  but  very  slowly  when  the 
poles  of  the  voltaic  arrangement  were  not  united ;  and  it  was 
noticed  that  the  primitive  power,  was  very  nearly  restored 
(when  the  exciting  liquor  was  not  too  active,  or  the  experi- 
ment too  long  continued)  by  opening  the  circle,  and  allowing 
the  apparatus  to  remain  inactive  for  a  short  time;  but  in 
proportion  as  the  chemical  powers  of  this  instrument  became 
unfolded,  and  the  necessity  for  long  continued  currents  (which 
would  not  fall  below  a  given  intensity)  observed,  it  became 
important  to  remove,  if  possible,  this  source  of  error ;  and  with 
this  view  two  methods  were  devised  and  practised  about  the 
same  time,  both  by  Professor  Marianini,  at  Venice,*  and  by 
Sir  Humphrey  Davy,  in  England.f  The  first  method  con- 
sisted in  having  spare  troughs,  and  replacing  the  acting  trough 
by  one  of  them  as  soon  as  its  intensity  was  observed  to  have 
feUen  to  the  given  limit ;  and  it  will  be  obvious,  that  if  a  vol- 

♦Annales  de  Chimie,  Tome  XXXVIII.  page  337. 
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taic  arrangement  recovered  its  power  by  repose,  in  the  same 
time  as  it  lost  it  during  action,  then  only  one  spare  trough 
would  be  required :  but  this  was  found  not  to  be  the  case,  and 
hence  so  many  spare  troughs,  and  plus  one,  were  required 
as  the  time  necessary  to  restore  the  primitive  intensity  by 
repose,  exceeded  that  in  which  the  deterioration  took  place. 
The  second  mode  consisted  in  having  two  similar  arrange- 
ments, each  intended  in  turn  to  transmit  the  current ;  the 
other  which  had  lost  its  intensity  being  in  the  interim  sub- 
jected, for  a  few  seconds,  to  a  current  from  a  much  larger 
battery,  sent  through  it  in  a  direction  reverse  to  that  of  its 
own  natural  current :  yet  both  of  these  methods  were  trouble- 
some and  expensive.  And  although  it  appears  from  the 
methods  which  both  Sir  Humphrey  Davy  and  M.  M arianini 
adopted,  in  order  to  restore  the  lost  intensity,  that  these  phi- 
losophers were  at  that  time  acquainted  with  the  cause  of  the 
decline  of  galvanic  power.  Yet,  so  far  as  I  have  heard,  it 
was  not  clearly  pointed  out  until  M .  Becquerel,  in  a  paper  read 
to  the  French  Academy,  in  the  month  oi  February  of  the  year 
1829,*  demonstrated  it  to  consist  in  the  transfer  of  the 
decomposed  substances  to  the  respective  plates,  in  such  a  way 
as  to  produce  currents  moving  in  a  direction  reverse  to  the 
principal  current ;  and  this  philosopher  at  the  same  time  des- 
cribea  experiments  in  which  he  used  (with  greatly  increased 
effect)  in  each  voltaic  arrangement,  two  different  fluida^ 
namely,  sulphate  of  zinc  for  the  zinc  plate,  and  nitrate  of  cop* 
per  for  the  copper  plate ;  these  fluids  being  separated  from 
each  other  by  partitions  of  thin  animal  membrane,  {"  baii- 
druche,")  inserted  into  the  sides  of  a  box  of  glass,  and  in  this 
way  M.  ioecquerel  often  obtained  an  electric  current,  of  which 
the  intensity  remained  constant  and  uniform  during  an  entire 
hour.  Yet  he  describes  the  operation  as  troublesome,  in 
consequence  of  the  difficulty  attendant  upon  affixing  the  mem« 
brane  staunchly  to  the  sides  of  the  box. 

In.  the  year  1836,  Professor  Daniel  demonstrated  the  same 
fact  still  more  clearly,  in  a  paper  read  to  the  Royal  Society ; 
and  also  described  a  voltaic  arrangement  of  a  circular  form, 
which  consequently  enabled  him  to  use  a  circular  membrane^ 
which  being  naturally  of  the  required  shape,  at  once  removed 
the  mechanicsJ  difficulty  under  which  M.  Becquerel  had 
laboured.  In  Mr.  Daniel's  form,  a  small  solid  cylinder  of 
zinc,  together  with  its  charge  of  diluted  sulphuric  acid,  is  in- 
serted into  a  portion  of  an  ox  gullet,  and  a  saturated  solution 
of  sulphate  of  copper  is  poured  into  the  outer  copper,  which 

*  Annales  de  Chimie  et  de  Physique,  Tome  XLI.  page  21. 
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supports  the  membrane  in  its  centre.  This  membrane  thus 
placed  between  the  zinc  and  copper  elements  being  perfectly 
stamich^  prevented  any  considerable*  mixture  of  the  different 
liquids^  but  more  especially  preventing  the  transfer  of  positive 
particles  to  the  negative  metal;  which  transfer  M.  Becquerel 
firsts  and  afterwards  more  fully.  Professor  Daniel  himself,  had 
shown  to  be  the  cause  of  decline  of  power  in  all  former  voltaic 
arrangements;  and  certainly  the  form  thus  introduced  by 
Professor  Daniel  was  the  most  efficient  which  had  been  given 
to  the  voltaic  arrangement  (so  fietr  as  chemical  decomposition 
was  concerned)  from  the  period  of  its  discovery  by  the  illus- 
trious Italian  to  the  time  of  the  Professor's  improvements. 

It  is,  however,  true  that  the  form  which  this  philosopher 
adopted  for  the  zinc  part  of  his  battery  (namely,  a  solid  cylin- 
der), could  not  be  enlarged  to  any  considerable  extent  without 
too  great  an  increase  of  weight;  and  hence  this  batt^y  appears 
not  well  adapted  for  experiments  requiring  a  large  qtcantity 
of  the  electric  fluid. 

The  form  subsequently  devised  by  Mr.  MuUins,  in  which 
the  membrane  was  placed  on  the  copper,  and  a  hollow  cylin- 
der of  zinc,  of  large  surface,  was  used  to  surround  it,  possessed 
at  once  all  the  useful  properties  of  the  constant  battery  of 
Professor  Daniel,  with  the  additional  advantage  of  consider- 
able surface  without  that  ^eat  increase  of  weight,  which  in 
the  Professo]f*s  form,  would  have  been  necessary  to  effect  the 
same  purpose;  and  this  form  which  Mr.  Mullins  has  given 
the  name  of  the  **  sustaining  battery,"  is  certainly  very  advan<* 
tageoas  in  all  thoste  experiments  which  require  considerable 
quantity  coupled  with  constant  intensity.  It  has,  however, 
been  a  subject  of  regret,  that  whilst  in  MuUins's  battery  both 
surfaces  of  the  hollow  cylinder  of  zinc  suffer  corrosioh,t  that 

*  I  say  *^  any  considerable  mixture^^  because  that  in  time  a  certain 
small  mixture  of  the*  solution  of  the  cupreous  sulphate  with  that  of 
the  ammoniacal  muriate  does  take  place,  although  it  does  not  ap« 
pear  to  injure  the  action  much.  Perhaps  this  mixture  may  arise 
from  the  action  by  endosmode,  particularly  as  M.  Dutrocnet  has 
rendered  very  prooable  that  electricity  is  the  cause  of  all  endosmode 
actions,-*-Viae  Annals  de  Chimie,  Tome  XXXVII.  Indeed  this 
action  of  endosmode  appears  useful  to  the  existence  of  the  constant 
current,  in  consequence  of  the  sulphuric  acid  liberated  from  the 
decomposed  sulphate  of  copper  permeating  the  bladder  and  acting 
on  the  zinc  cylinder. 

+  It  is  clear  that  Dr.  Page's  proposal,  in  the  American  Journal, 
to  place  the  bladder  on  the  zinc  cylmder,  and  to  have  the  copper 
outside  of  this  as  a  jar,  instead  of  inside  as  in  Mr.  Mullins's  form, 
does  not  at  all  interfere  with  my  priority  as  the  introducer  of  the 
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only  one  of  them  was  effective  in  the  production  of  the  voltaic 
currents,  the  other  not  having  any  copper  siiyface  opposed  to 
it.  It  was  to  remedy  this  evil  that  I  adopted  the  form  shown 
in  section  in  fig.  44,  Plate  V.,  where  a  is  the  interior  move- 
able cylinder  of  copper  covered  with  a  bladder,  as  in  MuUins's 
arrangement;  6,  the  hollow  zinc  cylinder,  having  attached  to 
its  top  (by  zinc  rivets)  a  ring  of  cast  zinc,  formed  as  shown 
in  section  at  fig.  45.  On  this  ring  the  bladder  is  tied,  and  the 
space  of  half-an-inch  which  exists  between  its  mouth  and  that 
of  the  zinc  cylinder  to  which  it  is  attached,  proves  usefiil  in 
charging  the  bladder  which  surrounds  it.  o  is  a  copper  vessel 
provided  with  a  bottom,  and  staunch  in  all  its  parts. 

In  this  form  of  the  arrangement,  the  two  copper  parts,  a  and 
c,  are  to  be  connected  together  by  a  ^AicA  copper  wire,  2,  dip- 
ping into  the  mercury  cups,  d  and  e,  as  shown  in  fig.  44.  A 
saturated  solution  of  sulphate  of  copper  is  to  be  put  into  the 
bladder  surrounding  the  copper,  a,  as  in  MuUins's  arrangement; 
a  solution  of  muriate  of  ammonia  composed  of  one  part  sata- 
rated  solution  added  to  five  parts  water,  into  the  bladder  sur- 
rounding the  zinc  cylinder,  6,  and  a  saturated  solution  of  th^ 
cupreous  sulphate  is  to  be  poured  into  the  exterior  copper 
vessel,  c;  thus  the  fellow  zinc  cylinder,  enveloped  in  a  bladder 
charged  with  muriate  of  amiponia,  has  at  each  of  its  faces  ft 
surface  of  copper  opposed  to  it;  an  advantage  which  the  ele-. 
mentary  battery  of  WoUaston  has  long  since  taught  us  duly 
to  appreciate  in  every  case  where  quantity  of  electricity  is 
desirable ;  indeed  it  is  very  striking  to  observe  the  advantage 
in  the  present  case,  when  the  wire  for  connecting  the  two 
cylinders  of  copper,  a  and  c,  is  inserted  in  the  mercury  cups^  d 
and  e,  the  arrangement  then  igniting  a  length  of  wire,  in  which 
before  there  was  no  visible  ignition ;  and  the  physiological 
effects*  are  also  very  much  increased  by  this  act.     I  think, 

favvci  described  in  this  paper :  for  in  Dr.  Page's  form  only  one  of 
the  zinc  surfaces  was  opposed  by  copper,  whilst  the  introduction  of 
a  form  which  admits  the  use  of  the  double  copper  is  the  cause  of 
the  superiority  of  my  form  of  battery^  and  has  been  the  main  object 
of  my  consideration. 

♦  As  when  the  shock  is  taken  from  the  secondary  current  excited 
in  the  long  wire  surrounding  an  electro-magnet  when  battery  con- 
tact is  broken.  A  shock  easily  taken  when  only  the  single  interior 
copper  is  used,  becomes  absolutely  intolerable  when  the  connecting 
wire  z  is  employed  to  unite  the  two  copper  cylinders  a  and  c ;  and- 
if  Dr.  Page's  or  Mr.  Golding  Bird's  apparatus  be  used  to  break 
contact  in  that  experiment,  the  increased  force  and  velocity  with 
which  the  instrument  strikes  against  the  regulating  stop  or  electro- 
magnet produces  an  effect  upon  the  auditory  organs  which  inrpresses 
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however,  that  the  following  synoptical  tahle  will  exhibit  the 
benefit  of  this  arrangement  in  a  tolerably  clear  point  of  view^ 
being  the  result  of  some  experiments  made  with  the  ordinary 
Mullins's  sustaining  battery^  and  with  my  form  of  the  appa- 
ratus. The  exciting  charge  of  muriate  of  ammonia  was 
identically  the  same  in  each  experiment^  as  was  also  the  zinc 
<;ylinder  employed.  The  mode  of  operation  pursued  being  to 
try  the  sustaining  battery  of  M uUins  only  provided  with  a  ring 
on  the  zinc  for  securing  a  bladder  on  the  same  when  required, 
but  which  bladder  was  not  used  in  the  first  set  of  experiments, 
it  was  thus  the  ordinary  sustaining  battery;  the  results  of  the 
experiments  then  made  were  noted,  and  afterwards  a  bladder 
was  secured  about  the  zinc  cylinder,  and  it  was  inserted  into 
the  copper  vessel  c,  which  united  to  a  placed  within  6,  it 
formed  my  new  arrangement.  Here  as  the  same  zinc  and  the 
same  charge  was  employed  in  each  set  of  experiments,  the 
result  may  be  considered  as  truly  representing  the  relative 
electric  power  of  the  two  arrangements. 


Synoptic  Table y  Ab.  1. 


Stcstaining  Battery,  Mullins^s 
Form, 

Ignited  nearly  half  an  inch 
in  length  of  platina  wire 
about  I-  100th  of  an  inch  di- 
ameter. 


Sttstaining  Battery  as   im- 
proved by  7ne, 

-  Ignited  about  f  of  an  inch 
in  length  of  same  wire,  when 
it  formed  one  straight  line  be- 
tween the  polar  copper  wires; 
but  when  the  platina  wire  was 
folded  as  in  fig.  46,  so  as  to 
form  two  media  for  transmis- 
sion of  the  large  quantity  of 
electricity  furnished  by  the 
double  coppers,  it  ignited  two 
portions  y  and  §•,  each  5-8ths 
of  an  inch  in  length  and  l-90th 
of  an  inch  diameter. 


the  experimenter  with  a  very  strong  conviction  of  the  superior 
power  of  my  form  of  battery.  When  also  the  voltaic  current  is  in- 
tentionally made  so  feeble  as  to  be  incapable  of  moving  the  above 
apparatus  when  only  one  copper  is  eraployed,  motion  immediately 
commences  as  soon  as  the  two  copper  cylinders,  a  and  c,  are  con- 
nected by  the  uniting  wire  z.  It  is  necessary  to  observe  that  all 
connecting  or  discharging  wires  used  in  this  arrangent  must  be  much 
thicker  than  those  usually  employed  in  other  batteries  of  equal  ske. 
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Permanent  deflection  with 
same  needle^  70  degrees. 


Same  electro-magnet   sup- 
ported 60  lbs. 


Permanent  deflection  of 
magnetic  needle  7^  inches 
long  and  80  grains  in  weight, 
and  having  a  directive  power, 
such  that  it  made  12  vibrations 
per  minute,  56  degrees 

An  electro-magnet  off  inch 
diameter  with  limbs  4^  inches 
long,  surrounded  by  four  su- 
per-imposed coils  of  copper 
wire  I -14th  of  an  inch  thick^ 
supported  40  lbs. 

In  using  the  above  magnetic  needle,  a  thick  wire  was 
employed  to  form  a  complete  convolution.  Thus  a  very 
obvious  advantage  attends  the  use  of  the  sustaining  battery  in 
the  improved  form  which  I  have  given  to  it. 

It  is  necessary  to  state  that  the  zinc  element  of  the  sustain- 
ing arrangements  (being  the  same  in  each  set  of  experiments) 
was  nearly  the  fiiU  height  of  the  copper;  previous  ei^periment 
with  zinc  elements  of  different  sizes  (still  using  the  same 
copper)  having  shown  me  that  when  the  connecting  wire  is 
sufficiently  large  to  transmit  the  full  current,    a  greater 
quantity  of  electricity  is  developed  by  sustaining  batteries 
mrnished  with  zinc  nearly  equal  in  size  to  that  of  the  copper^ 
than  by  those  of  which  the  zinc  element  is  of  much  smwer 
surface ;  and  this  induces  me  to  describe  the  experiments 
which  have  impressed  this  conviction.    I  am  aware  that  the 
experiments  of  Professor  Marianini,  (of  the  Venice  Lyceum,) 
made  in  1825,  led  him  to  the  conclusion  that  a  voltaic 
arrangement,  whose  zinc  element  presents  a  surface  of  from 
1-lOtn  to  l-5th  part  of  the  copper,  acts  as  efficiently  as  one  of 
which  the  surface  of  the  zinc  equalled  that  of  the  copper. 
And  in  1836,  Mr.  Mullins  recommended  the  use  of  smsdler 
surfaces  of  zinc  than  of  copper ;  but  this  gentleman  advised 
that  the  zinc  should  present  a  surface  of  from  l-4th  to  I -3d 
part  of  that  of  the  copper,  instead  of  from  1-lOth  to  l-5th 
part  as  in  the  practice  of  the  Venetian  Professor.    Yet  the 
following  experiments  which  I  made  in  August  last  to  ascertain 
whether  zinc,  even  of  the  proportion  recommended  by  Mr. 
Mullins,  would  answer  the  purpose  as  efficiently  as  one  equal 
in  surface  to  that  of  the  copper,  appear  to  me  conclusively  to 
prove  that  zinc,  even  of  the  size  Mr.  Mullins  has  recommended, 
is  inferior  in  voltaic  action  to  that  possessing  surface  equal  to 
the  copper  of  the  same  arrangement-. 

*  Annalea  de  Chioue,  Tome  XXXIII. 
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The  copper  cylinder  employed  in  these  experiments  being 
a  part  of  one  of  M uUins's  sustaining  batteries,  was  7  inches 
high  and  3^  inches  diameter,  and  I  furnished  it  with  two  zinc 
elements,  each  4^  inches  diameter ;  but  one  of  them  was  only 
2^  inches  high,  the  other  being  6^  inches :  these  two  cylinders, 
which  were  both  new,  were  used  in  turn  with  the  same  copper 
and  the  same  charge,  in  order  to  obtain  comparative  results. 
The  copper  and  zinc  cylinders  were  each  furnished  with  a 
thick  copper  connecting  wire,  instead  of  the  narrow  copper 
ribbon  sold  with  this  instrument ;  want  of  attention  to  which 
particular  having,  in  my  mind,  occasioned  the  erroneous 
impression,  that  as  much  electricity  was  produced  with  a 
snuiU  zinc  cylinder  as  with  the  larger  one;  whereas  this  was 
not  really  the  case,  but  the  small  ribbon  was  probably  unable 
to  transmit  for  experiment  any  larger  quantity  than  the  small 
zinc  afforded. 

The  exciting  charge  employed  consisted  of  one  part  saturated 
solution  of  muriate  of  ammonia  added  to  five  of  river  water, 
both  by  measure,  and  the  conducting  liquor,  next  the  copper, 
was  a  saturated  solution  of  sulphate  of  copper. 

RfiSULTS. 

With  large  zinc  6^  inches  high,  and  4^  inches  diameter, 
the  current  being  transmitted  along  a  thick  copper  wire 
making  one  convolution  around  a  light  magnetic  needle  7^ 
inches  long,  resting  by  its  agate  cap  upon  a  steel  point,  caused 
«t  permanent  deflection  of  ^  degrees. 

The  small  zinc  2\  inches  high  and  4^  inches  diameter, 
with  same  copper  and  same  charge,  only  changed  by  removing 
a  part  in  order  to  have  it  no  higher  than  the  top  of  the  smaU 
zinc,  caused  a  permanent  deflection  of  42  degrees. 

Small  zinc  ignited  scarcely  3-8ths  of  an  inch  in  length  of 
platina  wire,  1- 100th  of  an  inch  in  diameter,  when  used  in  a 
straight  single  line,  between  the  thick  polar  wires  of  copper ; 
but  when  this  platina  wire  was  folded  around  these  polar 
wires  in  such  a  way  as  to  form  two  media  for  the  transmission 
of  the  current,  as  shown  in  fig.  46,  where  f  and  g  represent 
the  platina,  and  C  and  D  the  section  of  the  polar  wires,  no 
visible  ignition  was  produced.  The  quantity  of  electricity 
furnished  by  this  small  zinc  being  unable  to  produce  ignition 
when  thus  divided  into  two  channels. 

The  same  coppe^  part  of  the  battery  and  same  charge,  as 
at  first,  being  used  with  the  larger  cylinder  of  zinc,  6  inches 
in  height,  half  an  inch  of  same  wire  was  ignited  when  applied 
singly,  and  when  folded  so  as  to  afford  two  channels  for  the 
current  as  in  fig.  46,  two  portions  y  and  g  were. ignited,  ^each 
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being  3-8ths  of  an  inch  in  length ;  thus  clearly  showing  the 
very  much  larger  quantity  of  electricity  furnished  by  the  larger 
zinc. 

An  electro-magnet  of  f  inch  diameter,  having  limbs  4^ 
inches  long,  surrounded  by  four  separate  layers  of  insulated 
copper  wire  (about  1-1 4th  of  an  inch  thick)  placed  over  each 
other,  and  each  continued  from  one  end*  of  the  bar  to  the 
other,  sustained  with  the  small  zinc  27  pounds,  with  the  large 
zinc  50  pounds. 

Thus,  all  these  experiments,  but  particularly  those  of  ignition 
of  wire  and  induction  of  magnetism  in  soft  iron,  show  that  it 
is  better  to  use  in  sustaining  batteries,  zinc  of  a  size  nearly 
equal  to  the  copper  immersed  than  either  of  the  sizes  recom- 
mended by  Professor  Marianini  or  by  Mr.  MuUins. 

I  may  here  add  that  two  batteries  of  the  improved  form  I 
have  described,  of  which  the  zinc  element  of  one  was  6  inches 
in  height  by  4  inches  in  diameter,  and  of  the  other  6  J  inches 
in  height  by  5J  inches  in  diameter,  (when  used  with  the  four 
copper  cylinders  connected  together,  and  the  two  zinc  cylinders 
also  connected  between  themselves)  ignited  4  inches  of  platina 
wire  about  l-64th  of  an  inch  in  diameter,  a  result  which, 
viewed  with  reference  to  the  individual  igniting  power  of  each 
pair,  seems  an  astonishing  increase  of  effect,  and  what  appears 
still  more  strange  is  that  the  brilliancy  of  the  igniting  effect 
is  greatly  increased  by  connecting  the  arrangements  consecu- 
tively, instead  of  in  the  form  just  described ;  a  mode  which  I 
believe  has  always  hitherto  been  regarded  as  the  best  suited 
for  the  production  of  calorific  effects.  Perhaps-this  may  arise 
from  some  peculiarity  of  sustaining  batteries.  I  did  not,  how- 
ever, repeat  the  experiment  very  often,  and  therefore  cannot 
be  certain  that  this  phenomenon  will  always  occur. 

Mr.  Lynd,  Optician,  26,  Capel  Street,  mad6  the  double 
copper  battery,  under  my  instructions. 


XIX.  Remarks  on  the  construction  of  Magnetic  Observatories 
and  the  instruments  which  they  should  contain,     . 

From  the  German  of  Professors  Gauss  and  Weber. 

The  instruments  by  means  of  which  the  observations  here 
detailed  were  made,  differ  materially  in  many  respects  from 
those  which  have  hitherto  been  constructed  for  similar  pur- 
poses ;  and  in  order  to  form  a  correct  notion  as  to  the  value  to 

*  The  wire  was  not  rolled  at  all  closely  over  the  bendedtpart. 
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be  attached  to  the  results  which  they  give^  it  is  consequently 
necessary  to  enter  fully  into  the  details  of  their  construction. 

What  has  been  already  laid  before  the  public  in  former 
papers  and  notices  (see,  for  instance,  the  work  entitled 
"  Intensitas  vis  magneticsB  terrestris  ad  mensuram  absolutam 
revocata,  auctore.  F.  C.  Gauss,  Gottingae,  1833."  The  Got- 
tingen  Gelehrte  Anzeigen,  1832,  p.  2041 ;  1835,  p.  345;  and 
Schumachers  Jahrbuch,  1836,  p.  1.)  might  indeed  be  held  to 
be  sufficient ;  yet  the  detailed  description  of  the  apparatus 
employed  as  given  below,  especially  when  illustrated  by  the 
accurate  figures  with  which  it  is  accompanied,  will  not  only 
facilitate  our  knowledge  of  the  instruments  used,  but  also 
enable  every  competent  artist  to  construct  similar  ones  for 
himself. 

For  the  figures  here  given,  those  instruments  only  have 
been  selected,  which  are  made  by  Meyersteiu,  of  Gottingen, 
and  of  which  he  has  forwarded  complete  sets  to  Bonn,  Dublin, 
Freiberg,  Greenwich,  Kasan,  Milan,  Munich,  Naples,  and 
Upsal ;  and  which  are  nearly  identical  with  those  in  Gottingen, 
made  by  Apel;  and  those  in  Cracow,  Leipzig,  and  Marburg, 
by  Breithaupt,  of  Cassel. 

No  description  is  here  given  of  those  smaller  instruments 
which  have  been  used  in  some  places,  inasmuch  as  experience 
has  shown  that  they  are  only  to  be  had  recourse  to  when 
local  circumstances  preclude  the  employment  of  those  of  a 
superior  construction. 

.  The  most  suitable  place  for  the  establishment  of  a  mag- 
netic observatory  is  an  oblong  room  (1)*  of  about  thirty-six 
feet  long  in  the  direction  of  the  magnetic  meridian,  parallel 
to  which,  however,  it  is  by  no  means  indispensable  the  side- 
walls  should  run.  In  Gottingen,  for  instance,  the  direction  of 
the  room  coincides  with  that  of  the  astronomical  meri<San, 
which  at  present  makes  an  angle  of  about  eighteen  and  a  half 
degrees  with  the  magnetic  meridian. 

The  room  must  be  well  lighted,  especially  from  the  east 
and  west,'  and  also  at  the  end  where  the  theodolite  or  the 
telescope  and  scale  are  fixed  for  observing.  It  is  also  of  im- 
portance that  the  room  should  be  as  free  as  possible  from  cur- 
rents of  air ;  for  which  purpose  a  double  door  will  always  be 
necessary,  and  indeed  the  use  of  double  windows  in  certain 
situations  will  be  advisable.  The  pedestals  on  which  the 
theodolite  (2)  and  the  clock  (3)  are  set,  must  likewise  be 
perfectly  steady. 

*  The  numbers  refer  to  the  descriptions  given  below  of  the 
various  parts  of  the  magnetic  observatory  and  magnetic  instruments. 
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It  is  besides  desirable  that  from  the  spot  where  the  theo- 
dolite stands,  there  may  be  seen  through  one  of  the  windows 
some  distant  object  whose  azimuth  is  known  or  can  be 
accurately  determined. 

The  floor  in  the  vicinity  of  the  instrument,  which  stands 
nearly  in  the  centre  of  the  room,  must  not  contain  any  iron ; 
and  no  objects  in  which  iron  is  used  should  be  placed  near  it. 
It  is  indeed  desirable  that  no  iron  whatever  should  be  made 
use  of  in  the  room,  either  waUs  or  roof;  but  it  is  novrays  ne- 
cessary to  carry  this  precaution  so  ftr  as  to  exclude  steel 
pinions  or  axes  from  the  clock  or  theodolite  which  are  at  five 
or  six  yards  distance  from  the  middle  of  the  room. 

The  influence  exercised  by  these  masses  of  steel,  supposing 
them  to  be  magnetic,  may  be  approximately  estimated ;  and 
the  result  is  that  at  such  considerable  distances  the  effect  is 
too  minute  to  be  appreciable.  Beyond  the  limits  of  the  room 
any  small  masses  of  iron  have  even  less  influence.  Should 
there,  however,  happen  to  be  great  quantities  of  this  metal, 
especially  in  the  form  of  long  bars,  as,  for  instance,  railings^ 
in  the  immediate  neighbourhood,  their  action  must  not  be 
altogether  overlooked,  although  it  will  be  very  inconsiderable. 
If  the  bars  are  at  the  distance  of  above  one  hundred  feet  from 
the  observatory,  they  may  be  altogether  disregarded^  more 
especially  if  they  are  fixtures. 

Such  a  situation  is  suitable  for  ascertaining  the  declination 
and  intensity,  and  answers  also  for  observations  on  the  varia- 
tion. Even  the  inclinations  may  be  taken  in  the  same  place, 
though  not  without  interrupting  the  other  observations. 
Hence  it  appears  obvious,  that  where  circumstances  will 
permit,  a  peculiar  situation,  or  distinct  apartment,  ought  to 
be  devoted  to  the  measurement  of  the  intensities,  though 
this  room  may  be  at  no  great  distance  from  that  in  which  the 
other  observations  are  made.  Where,  however,  no  very 
great  nicety  is  required,  the  whole  of  the  observations  may 
be  made  in  the  same  hall ;  and  even  small  pieces  of  iron  either 
in  or  out  of  the  walls,  provided  they  remain  stationary,  would 
be  of  no  detriment. 

Plate  VI,  represents  the  interior  of  the  magnetic  observa^ 
toiy  of  Grottingen,  and  a  ground-plan  of  it  is  given  in  PlateVII. 

In  order  to  set  the  instruments  up  in  such  a  room  as  is 
here  represented,  it  is  requisite,  in  the  first  place,  that  a  line 
should  be  drawn  (on  the  floor,  for  instance)  coinciding  with 
the  nUEtgnetic  meridian. 

This  line  should  pass  nearly  through  the  centre  of  the 
room  and  continued  either  td  its  northern  or  southern  ex- 
tremity: it  must  terminate  at  the  spot  where  the  ground  is 
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made  perfectly  steady  for  Ihe  reception  of  the  theodolite  and 
the  clock. 

When  thiB  foundation  has  been  duly  laid  and  the  theodolite 
placed  upon  it,  the  next  step  is  to  attach  a  scale  (5)  to  the 
stand  below  the  telescope,  in  such  a  manner  that  a  plumb- 
line  suspended  from  the  object  glass  may  hang  in  front  of  the 
scale  without  coming  in  contact  with  it.  This  scale  is  to  be 
placed  in  a  horizontal  position,  and  at  right  angles  to  the 
magnetic  meridian,  and  must  be  so  constructed  as  to  be 
capable  of  being  somewhat  raised  or  lowered  as  occasion  re* 
quires ;  and  it  must  be  bisected  by  the  magnetic  meridian 
which  coincides  with  the  optical  axis  of  the  telescope. 

A  perpendicular  is  now  to  be  let  fall  from  the  ceiling  to  the 
floor,  in  such  a  manner  that  the  plane  of  the  magnetic  me- 
ridian may  coincide  with  it,  and  also  with  the  telescope  as 
above  stated.  The  magnetometer  (4)  is  to  be  suspended  to 
this  line;  and  the  distance  of  the  reflecting  surfsu^e  of  the 
magnetometer  (see  mirror  and  mirror  frame,  7)  from  the  scale 
and  the  telescope,  taken  together  must  be  exactly  equal  to 
the  distance  of  the  telescope  from  a  point  on  the  opposite 
wall,  serving  as  a  sight,  and  to  which  the  telescope  may  be 
directed. 

'  At  that  spot  on  the  ceiling  whence  this  perpendicular  has 
been  let  fall,  the  support  (8)  of  the  magnetometer,  together 
with  its  screw  lever  and  tliread,  (8)  must  be  fastened;  and 
to  the  thread  thus  fixed  to  the  screw  a  weight  should  now  be 
hung,  so  as  to  form  a  temporary  plumb-lihe ;  and  the  position 
of  the  support  on  the  ceiling  is  to  be  altered  continually  till 
tlfb  perpendicular  coincides  with  it,  and  till  the  support 
becomes  in  the  direction  of  its  length,  parallel  either  to  the 
north  or  south  wall  of  the  room.  When  this  is  don^  the 
height  of  the  support,  the  telescope,  and  the  scale  above  t^ 
floor  are  to  be  measured. 

From  the  height  of  the  first  half,  the  sum  of  the  two  last  is 
to  be  subtracted,  and  a  line  is  to  be  formed  of  pai:allel  threads 
jof  raw  silk,  equal  in  length  to  this  difference,  and  strong 
enough  to  bear  a  kiUogramme  above  the  weight  of  the  mag- 
netometer. 

The  upper  end  of  this  thread  is  to  be  fastened  to  the  screw^ 
and  the  tower  end  to  the  cradle  (9),  in  which  the  magnetic 
bar  may  be  inserted. 

•  Beneath  this  bar  is  placed  a  large  case  (10),  on  the  bottom 
of  which  are  two  frames,  on  to  which  the  bar  would  fall 
without  risk  of  injury  to  the  mirror,  which  is  attached  to  one 
end  of  it)  should  the  thread  happen  to  give  way. 
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These  preliminary  steps  having  been  taken,  the  nicer 
adjustments  may  be  proceeded  with,  that  is  to  say — 

1st.  Bringing  the  magnetic  axis  of  the  bar  horizontal, 
and  fixing  the  mirror  perpendicular  to  it;  or,  in  lieu  of  this,  the 
minute  angle  the  axis  of  the  mirror  makes  with  that  of  the 
bar  may  be  measured. 

2d.  Reducing  the  torsion  of  the  thread  to  zero  at  the 
mean  position  of  the  magnet,  or  measuring  the  small  remain- 
ing amount  of  torsion  to  be  allowed  for.  See  beloio  torsion 
bar  11. 

3d.  Estimating  the  amount  of  the  torsion  of  the  thread, 
and  of  the  magnetic  impulse  of  the  bar,  at  a  ^single  deviation. 
See  below  cradle  and  torsion,  circle  9. 

4th.  Measuring  off  upon  the  wall  facing  the  end  of  the 
telescope,  the  spot  for  the  sight. 

The  instrument  is  now  ready  for  measurements  of  delinea- 
tion, which  consist  of — 

1st.     Ascertaining  the  azimuth  of  the  sight. 
2d.     Determining  the  value  of  the  divisions  of  the  scale. 
3d.     Observing  the  vibrations  and  elongations  of  the  bar. 
(See  below  Controlling  Bar  13^. 

In  the  sequel  will  be  given  more  ample  details  respecting, 
the  precautions  to  be  taken  when  observing,  and  which  are 
thus  merely  noticed  at  this  place. 

For  measuring  the  intensity,  it  is  necessary  to  apply  certain 
measuring  rods  (10),  by  which  the  position  of  the  declination 
bar  is  determined.  These  rules  are  to  be  applied  horizontally 
on  each  side  of  the  case  containing  the  magnetometer,  and 
parallel  to  the  magnetic  meridian ;  so  that  lines  which  would 
connect  corresponding  parts  of  their  scales  should  be  horizon- 
tal, and  at  right  angles  to  the  magnetic  meridian.  These 
rules  should  be  fixed,  at  such  a  height  that  the  declination 
bar,  when  laid  upon  them,  may  be  on  a  level  with  the  oscil- 
lating bar.  Should  this  precaution  be  disregarded,  the  per- 
pendicular distance  between  the  declination  bar,  when  lying 
on  these  rules,  and  the  oscillating  bar,  is  to  be  noted. 

These  rules  should  be  from  15  feet  4  inches  to  18  feet  6  inches 
in  length,  and  they  should  project  about  equal  distances  north 
and  south  of  the  magnetometer.  When  the  room  is  wide 
enough  to  admit  of  it,  it  is  advisable  to  connect  a  third  rule 
with  the  others,  horizontally,  at  right  angles  to  them.  This 
rod  may  be  so  placed  below  the  case  of  the  magnetometer  as 
to  be  directly  under  the  perpendicular  let  fall  from  the 
central  point,  between  the  point  of  suspension  and  the  centre 
of  gravity  of  the  oscillating  bar.     Provision  must  be  made 


magnetic  observatories.  97 

for  shifting  these  rules  in  the  direction  of  their  axes,  in  order 
so  to  fix  them  that  the  declination  bar,  when  laid  on  the 
suitable  points,  both  in  front  of  and  behind  the  magnetometer^ 
may  induce  similar  declinations. 

These  arrangements  having  been  completed,  the  instrument 
is  ready  for  measuring  the  intensity. 

The  first  step  is  to  determine  the  moment  of  inertia  of  the 
declination  bar.     See  below  weights  and  weight-holder y  12. 

2d.  To  observe  the  time  required  for  an  oscillation  of  thisi 
bar. 

3d.  To  estimate  the  declination  of  a  suspended  auxiliary 
bar  by  the  influence  of  the  declination  bar,  the  latter  being 
placed  in  two  positions,  either  to  the  north  and  south,  or  east 
and  west  of  the  magnetometer. 

It  may  be  well  to  subjoin  to  this  general  account  of  a  mag- 
netic observatory,  and  of  the  arrangement  of  its  interior,  the 
following  details  respecting  the  construction  of  certain  por- 
tions of  the  apparatus  employed  therein. 

Remarks  upon  certain  parts  of  the  magnetic  observatory y 
and  the  magnetic  instruments  it  contains, 

1.  The  Room.  Plate  VI.  gives  a  view  of  the  interior  of 
the  room,  and  Plate  VII.  contains  a  ground  plan  of  it.  In 
the  former  of  these  plates  the  south  wall  is  removed,  and  in 
the  foreground  to  the  right  are  shown :  (a)  the  firm  spot  for 
the  reception  of  the  theodolite ;  (6)  the  theodolite  stand ;  (c) 
the  theodolite;  (rf)  the  scale  attached  to  the  stand;  (e) 
the  plumb  line  bisecting  the  object  glass ;  near  these  the 
clock  ffj  is  placed.  A  line  drawn  from  the  telescope  of  the 
theodolite  to  the  spot  marked  by  an  arrow  on  the  opposite 
wall,  would  indicate  the  direction  of  the  magnetic  meridian. 

On  the  ceiling  near  the  centre  of  the  room  is  fixed  the 
holder  for  the  magnetometer.  From  this  hangs  the  thread 
bearing  the  cradle  in  which  the  magnetic  bar  lies,  and  on  to 
the  front  end  of  which  the  mirror  is  fastened  in  a  vertical 
position.  The  distance  of  the  telescope  from  the  sight  is 
equal  to  the  sum  of  the  distances  from  the  mirror  to  the 
telescope,  and  to  the  centre  of  the  scale  in  front  of  which  the 
plumb  line,  as  described  above,  hangs. 

2.  The  theodolite.  To  observe  the  variations  in  declina- 
tion, a  simple  telescope  with  a  vertical  motion  which  admits 
of  its  being  from  time  to  time  directed  to  the  sight  in  lieu  of 
the  mirror,  will  suffice;  for  we  thus  can  .see  whether  the 
position  of  the  instrument  has  changed  or  not.  But  for 
measuring  the  absolute  declination  a  theodolite  must  be  had 
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recoarde  to.  And  as  it  is  necessary  not  only  to  read  off  each 
division  of  the  millimeter  scale^  but  to  estimate  parts  of 
division  when  the  mirror  is  at  the  distance  of  about  16|  feet 
from  the  instrument^  the  latter  should  bear  a  power  of  30 
at  the  least. 

2.  The  clock.  The  time  being  carefully  noted  at  all 
observations,  a  clock  beating  seconds  distinctly  must  be 
placed  near  the  observer,  with  the  face  turned  towards  him, 
so  that  he  may  at  any  instant  note  the  positioh  of  the  hands, 
and  then  count  the  seconds  on  from  thence.  A  chronometer 
may  also  be  employed  for  this  purpose. 

4.  The  magnetometer.  Independent  of  a  clock  and  theo« 
dolite,  which  are  both  assumed  to  be  at  hand  whenever 
accurate  magnetic  observations  are  to  be  made,  the  magnet- 
ometer consists  of  the  following  parts  and  which  are  indis- 
pensable for  observations  in  declination ;  the  magnetic  bar, 
the  cradle  with  its  torsion  circle,  the  holder  with  its  screw  and 
thread,  the  mirror  with  its  frame,  the  torsion  bar,  the  scale, 
and  the  damper.  To  these  the  following  additions  must  be 
made  for  observations  in  intensity;  measuring  rods,  declina- 
tion bar,  weights,  and  weight  holders* 

The  magnetic  bar  as  it  is  connected  with  the  cradle 
and  torsion  circle  (this  latter  being  in  its  turn  fastened  to 
the  holder  by  the  thread),  and  having  the  mirror  and 
frame  attached  to  the  end  of  it,  is  shown  in  figs.  3  and  5, 
Plate  VIII. 

5.  The  scale.  Fig.  10,  Plate  VIII.  gives  a  specimen  of 
the  scale  which  has  been  employed  up  to  this  time,  and  which 
must  be  at  least  three  feet  4  inches  in  length.  Mr.  RittmuUer 
of  Gottingen,  has  lithographed  this  scale  at  his  establishment^ 
and  has  had  copies  of  it  thrown  of  on  white  card-board. 

6.  7%c  plumb  line  in  front  of  the  object  glass.  A  fine 
dark  coloured  wire,  having  at  its  lower  end  a  weight,  is  so 
fastened  to  the  upper  border  of  the  ring  in  which  the  object 
glass  is  set,  that  it  hangs  down  exactly  across  its  centre. 

The  little  notches  of  this  ring  may  be  used  to  hold  the  wire 
'  steady ;  or  a  hoop  with  two  slits  diametrically  opposite  each 
other  may  be  made  to  slip  on  to  the  brass  collar  at  the  end  of 
the  telescope.  The  wire  is  to  be  attached  from  the  upper  slit 
and  the  hoop  is  to  be  so  placed  that  it  may  hang  free  through 
the  bottom  slit. 

On  looking  through  the  telescope,  at  the  image  of  the  scale 
reflected  in  the  mirror,  one  observes,  at  the  same  time,  the 
'   image  of  the  wire  projected  on  the  white  scale,  and  that  spot 
in  which  it  lies  in  the  vertical  plane  of  the  axis  of  the  teles- 
cope is  thereby  ascertained. 
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The  point  on  the  floor^  which  the  plumb  line  on  being  pro- 
duced would  cut^  is  to  be  accurately  marked^  as  it  serves  to 
determine  the  deviation  of  the  theodolite  stand  from  its  nor« 
mal  position. 

7.  Mirror  and  mirror  holder.  The  mirror  used  for  the 
magnetometer  must  be  most  accurately  worked,  otherwise  the 
image  on  being  magnified  30  times  becomes  indistinct. 

The  plane  mirrors  from  the  Optical  Institute  of  Utzsch- 
neider  and  Fraunhofer  at  Munich  are  the  best  that  have  yet 
been  made. 

It  is  advisable  that  the  breadth  of  the  mirror  should  some* 
what  exceed  its  height,  because  during  the  oscillations  of  the 
magnetic  bar  the  right  and  left  sides  of  the  mirror  present 
themselves  in  front  of  the  telescope.  The  most  suitable 
dimensioiis  for  the  mirror  are  as  follow :  from  2  to  2f  inches 
high^  and  2f  to  4  inches  wide. 

In  measuring  the  distance  of  the  mirror  from  the  scale  and 
from  the  sights  allowance  must  be  made  for  the  refraction  of 
the  rays  of  light  at  the  front  surface  of  the  mirror.  It  follows 
in  glass  from  the  known  constant  ratio  of  sines  that  that  plane* 
is  to  be  considered  as  reflecting  which  lies  half  as  far  from  the 
back  as  from  the  front  surface  of  the  mirror.  The  mirror  is 
to  be  fastened  on  to  that  end  of  the  magnetic  bar  which  is 
turned  towards  the  telescope,  and  is  to  form  so  complete  a 
system  with  it  that  no  changes  of  position,  either  in  one  or  the 
other,  are  to  be  feared  while  the  observations  are  carrying  on  ; 
even  if  the  magnetic  bar  should  be  lifted  out  of  its  place,  and 
put  back  in  an  inverted  position.  The  mirror  must  moreover 
be  so  situated  with  respect  to  the  bar  that  its  perpendicular 
may  be,  if  not  truly,  very  nearly,  parallel  to  the  magnetic 
axis  of  the  bar. 

The  frame  as  represented  at  fig.  4,  Plate VIII.  answers  both 
these  ends.  It  fastens  on  to  the  bar  by  screws,  and  may  be 
brought  into  the  position  required  by  means  of  two  screw 
movements  at  right  angles  to  each  other. 

8.  The  holder  with  its  raising  screw  and  thread. 
Manv  advantages  are  gained  by  suspending  the  thread  to 
which  the  magnetic  bar  is  fastened  from  the  ceiling,  inasmuch 
as.  the  bar  is  thereby  duly  insulated  and  freed  from  the  jarring 
to  which  it  is  liable  from  the  steps  of  those  walking  about  in 
the  room;  the  principal  advantage,  however,  gainea  thereby, 
is  having  a  thread  of  a  proper  length.  If  in  lieu  of  a  wire 
(whose  elasticity  is  nearly  ten  times  as  great  as  that  of  a  silk 
thread  of  equal  strength)  we  employ  a  line  composed  of 
parallel  fibres  of  raw  silk,  for  suspending  the  magnetic  bar, 
we  shall  find  that  at  first  it  gives  considerably,  and,  hence. 
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from  time  to  time^  it  is  necessary  to  take  it  up  so  that  the. 
magnetic  bar  with  its  mirror  attached  to  it  may  resume  their 
original  position.  But  in  thus  winding  up  the  thread  it  is 
requisite  that  it  should  still  remain  in  the  same  plane  in  which 
it  hung  at  first  \  and  this  is  attained  by  having  a  screw  in  the 
groove  of  which  the  line  is  fixed^  and  in  which  it  may  be 
wound  up,  another  equal  portion  of  the  screw  farther  on 
towards  its  point  turning  in  a  fixed  grooved  shoulder.  The 
groove  in  which  the  line  lies  thus  keeps  placing  itself  anew 
(upon  the  screw  advancing  bodily)  in  the  position  it  at  first 
occupied,  and  the  line  thus  hangs  continually  in  the  plane  in 
which  it  hung  at  the  outset.  The  female  screw  with  the 
frame  in  which  it  is  set  (and  through  which  latter  the  worm 
of  the  screw  projects  on  the  line  being  taken  up)  are  let  into 
a  wooden  slide  that  is  attached  by  means  of  a  nut  and  spring 
to  a  broader  board  fastened  to  the  ceiling,  and  in  this  board 
the  slide  may  be  moved  up  and  down  parallel  to  the  north 
and  south  sides  of  the  room. 

Should  the  direction  of  the  magnetic  meridian  be  materially 
changed  in  course  of  time,  this  slide  will  allow  of  the  mag- 
netometer being  kept  in  the  meridian  of  the  telescope. 

After  thus  sliding  the  holder  on  the  ceiling,  an  adjustment 
but  seldom  required,  a  fresh  sight  must  be  marked  on  the 
opposite  wall  on  which  the  telescope  may  be  directed  while  in 
meridian.  The  line  used  in  suspending  the  magnetic  bar 
consists  of  200  parallel  .threads  of  raw  silk,  each  of  which  is 
capable  of  bearing  a  weight  of  463  grains,  without  giving  way 

The  weight  to  which  the  line  is  usually  subjected  amounts 
to  nearly  4.41  lbs.  to  which  must  be  added  a  further  load  of 
two  weights  of  1.10  lbs.  each,  employed  when  ascertaining  the 
moment  of  inertia  of  the  magnetic  bar  as  required  for  measure- 
ments of  intensity.  The  line,  therefore,  never  has  to  bear 
above  half  the  weight  it  will  bear  without  breaking.  It  may 
be  added  that  it  is  about  6.5  feet  long,  and  its  torsion  is  for 
minute  declinations  to  be  estimated  at  about  KlOOOth  of  the 
magnetic  energy  of  the  bar. 

The  construction  of  the  line  is  as  follows.  The  single 
thread  is  passed  twenty -five  times  round  two  glass  tubes,  whose 
distance  is  four  times  the  intended  length  of  the  line.  This 
being  done,  the  ends  of  the  thread  are  firmly  knotted  together^ 
and  the  twenty-five-fold  ring  thus  formed  is  to  be  stretched 
tight  by  drawing  the  glass  tubes  apart.  A  hook  with  a  weight 
fastened  to  it  is  now  to  be  hung  on  to  the  line  -equally  distant 
from  the  tubes,  which  latter  are  to  be  raised  up  and  made  to 
meet  together,  and  then  the  two  loops  formed  around  them 
are  to  be  united  into  one.     There  is  thus  obtained  a  hundred- 
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fold  thread,  having  a  loop  both  above  and  below;  and  on 
folding  this  thread  again  together  in  a  similar  manner^  we  get 
the  line  from  which  the  magnetic  bar  is  suspended. 

9.  The  cradle  with  its  torsion  circle.  The  amount  of  the 
torsion  of  the  line  by  which  the  magnetic  bar  is  suspended^  is 
not  to  be  overlooked,  when  measurement  of  the  absolute 
declination  and  intensity  are  required,  even  although  the  line 
is  very  thin  and  of  considerable  length.  In  order  to  measure 
the  amount  of  this  force  and  by  this  means  to  remove  its 
influence  by  causing  the  thread  to  place  itself,  of  its  own 
accord,  in  such  a  position  that  at  the  mean  direction  of  the 
bar  its  torsion  may  be  reduced  to  zero,  it  was  requisite  that 
one  of  the  ends  of  the  line  should  be  capable  of  being  so  turned 
on  its  axis,  that  the  angle  of  torsion  may  be  simultaneously 
measured. 

In  order  to  have  convenient  access  to  this  adjustment,  it  is 
adapted  to  the  lower  end  of  the  thread ;  and^  to  hinder  this 
motion  from  being  communicated  to  the  magnetic  bar,  the 
cradle  is  made  in  two  pieces  (a  circle  and  vernier  as  it  were) 
which  are  only  capable  of  motion  upon  a  common  vertical  axis. 
This  vernier  supports  the  magnetic  bar,  and  is  itself  supported 
by  the  circle.  The  circle  is  provided  with  a  peg  projecting 
above  the  nonius,  and  has  two  studs  on  its  upper  end,  into 
which  the  double  pointed  hook  fastened  to  the  lower  end  of 
the  line  catches  from  below. 

This  being  the  construction  of  the  cradle,  care  must  be 
taken  that  the  vernier  in  which  the  magnetic  bar  lies  should 
rest  on  the  rim  of  the  circle  supported  by  the  line,  otherwise 
the  friction,  should  it  occur  only  close  to  the  axis  of  rotation^ 
brings  about  a  mutual  change  of  position  in  the  two  parts 
owing  to  the  impulse  imparted  to  them  by  the  oscillation  of 
the  bar. 

The  cradle  is,  moreover,  so  contrived  that  the  magnetic 
bar  may  fit  into  it  either  when  laid  flat  or  placed  edgeways. 

This  is  necessary  in  order  to  determine  with  accuracy  by 
observations  in  declination  at  the  various  positions  thus  given 
to  the  bar  in  the  cradle,  how  the  mirror  is  situated  with 
respect  to  the  axis  of  the  bar. 

10.  The  case  and  the  measuring  rods.  The  case  which 
is  used  to  protect  the  magnetometer  from  the  influence  of 
currents  of  air  is  wide,  and  admits  of  easy  access  to  its  interior. 
It  forms  a  cylinder  of  about  31.5  inches  in  diameter,  and  11.8 
in  height.  It  is  made  of  a  cylindrical  form  for  this  reason, 
namely,  that  on  measuring  the  intensity  for  ascertaining  the 
inertia,  a  wooden  rod  of  27.5  inches  in  length  is  placed  at 
right  angles  on  the  magnetic  bar,  the  length  of  which  is  23.62 
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inches,  and  this  rod  having  weights  appended  to  it  must  have 
room  to  oscillate  freely  in  the  case  when  thus  connected  with 
the  bar. 

To  perform  this  part  of  the  experiments  without  trouble,  it 
is  likewise  necessary  that  the  lid  of  the  case  may  be  altogether 
removed,  but  made  to  shut  down  again  very  close,  with  merely 
an  opening  for  the  line  to  pass  through.  There  must  also  be 
an  aperture  for  the  mirror  in  the  side  of  the  case. 

The  latter,  when  the  apparatus  is  not  in  use,  may  be  closed 
with  a  little  wooden  slide,*thus  avoiding  draughts.  Two  semi- 
circular lids  cover  up  the  top  of  the  case  on  to  which  they  fit 
down  accurately,  and  one  of  them  has  a  small  hole  in  it  for 
the  line  to  hang  through.  This  hole  does  not  lie  in  the 
centre  of  the  circle  thus  formed  by  the  two  covers,  but  it  is  so 
contrived  that  while  the  line  hangs  down  freely  through  it, 
the  muTor  aflSxed  to  the  extremity  of  the  magnetic  bar  may 
oscillate  close  against  the  hole  in  the  side  of  the  case. 

This  is  indispensable,  otherwise  a  small  aperture  will  not 
suffice  for  receiving  light  from  the  scale  upon  the  mirror  and 
reflecting  it  from  thence  to  the  telescope. 

Round  about  the  case^  the  measuring  rods  are  placed,  and 
it  is  upon  them  that  another  magnetic  bar  is  laid  at  distances 
and  in  positions  previously  determined,  north  and  south,  or 
east  and  west,  with  the  intention  of  causing  the  oscillating 
bar  to  deviate  from  the  magnetic  meridian. 

11.  The  torsion  bar  and  the  deviation  bar.  To  ascer- 
tain that  the  line  to  which  the  magnetic  bar  is  suspended, 
hangs  in  its  natural  position  (that  is  to  say  without  torsion) 
when  the  bar  is  in  its  mean  direction,  a  brass  bar  of  equal 
length  and  breadth  must  be  taken,  having  only  a  small 
magnet  let  into  it  (in  order  to  shorten  partially  the  duration 
of  the  oscillations  arising  from  the  elasticity  of  the  line,)  and 
this  bar  must  be  laid  in  the  cradle  in  place  of  the  former  one, 
its  magnetic  axis  having  likewise  a  similar  position.  To 
institute  this  examination  with  accuracy,  this  auxiliary  bar 
must  be  fitted  up  with  a  mirror  and  mirror  frame  just  as  the 
magnetometer  itself  is.  For  measurements  in  intensity,  a 
second  magnetic  bar  of  similar  dimensions  to  the  principal 
one  is  required,  and  which  latter  it  may  replace  in  the  cradle 
so  as  to  observe  its  oscillations  and  to  measure  its  inertia. 
This  second  bar  is  also  available  as  a  deviation  bar :  and  for 
this  purpose  it  is  likewise  fiirnished  with  a  little  rectangular 
wooden  box,  the  exterior  of  whose  sides  runs  parallel  to  tike 
magnetic  axis. 

The  observer  is  thus  enabled  to  hit  on  its  suitable  position 
upon  the  measuring  rods  with  accuracy  and  despatch. 
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12.  The  weights  and  the  weight  holder.  In  measuring 
the  intensity^  it  is  necessary  that  the  deviation  bar  also  should 
be  made  to  oscillate  in  order  to  ascertain  its  inertia  thereby. 

To  attain  this  pointy  a  slight  wooden  rod  is  laid  across  the 
magnetic  bar  as  it  oscillates^  and  two  equal  weights  are  hung 
to  it,  one  on  either  side  of  the  bar,  the  distances  between  these 
weights  being  varied  from  time  to  time.  To  mark  the  places 
on  the  wooden  rod  from  which  the  weights  are  to  be  hung, 
and  to  indicate  with  accuracy  their  respective  distances  from 
each  other,  both  the  weights,  each  of  which  weighs  1.10271b. 
avoirdupois,  are  fitted  up  with  handles  bent  across  them  and 
which  have  pins  running  through  them  turned .  downwards. 
These  pins  are  placed  upon  the  summit  of  fine  points  jutting 
out  above  the  surface  of  the  wood.  There  are  several  of  these 
pins  thus  let  into  the  wood  at  distances  of  1.9685  inch,  with 
the  exception  of  the  two  centre  ones  which  are  3.9371  inches 
apart.  These  distances  must  be  laid  down  with  microscopic 
accuracy. 

13.  The  controlling  bar.  For  completing  the  observations 
quickly  and  with  accuracy,  it  is  of  importance  to  have  it  in  our 
power  to  control  the  oscillations  of  the  magnetic  bar  as  we 
please;  that  is  to  say,  to  let  the  oscillations,  when  we  are 
measuring  their  duration,  amount  to  2  or  ^  degrees  at  first,  or 
when  making  observations  in  variation  to  keep  them  as  small  as 
possible,  never  indeed  letting  them  exceed  2  or  3  minutes  in 
arc.  This  is  brought  about  by  means  of  the  controlling  bar, 
with  the  management  of  which  every  observer  must  make  him- 
self familiar.  It  is  a  magnetic  bar  of  half  the  length  and  width, 
and  a  quarter  of  the  weight  of  the  principal  bar.  If  this  bar  is 
held  by  the  observer  in  a  horizontal  direction  behind  the  theo- 
dolite and  at  right  angles  to  the  magnetic  meridian,  it  causes  at 
this  distance  (about  18.04  feet)  a  deviation  of  about  1  minute 
in  arc,  which  deviation  is  westerly  if  the  north  pole  of  the  con- 
trolling bar  points  eastward,  or  vice  vers&,  as  the  case  may 
be.  This  deviation,  however,  diminishes  as  the  bar  is  removed 
from  its  horizontal  position,  and,  on  its  becoming  almost  ver- 
tical, disappears  entirely. 

The  observer,  therefore,  need  have  no  hesitation  at  letting, 
such  a  bar  stand  in  this  position  either  behind  him,  against 
the  wall,  or  within  his  reach  against  the  clock  case,  until  he 
wants  to  use  it  as  shown  in  the  plate. 

Recourse  must  in  magnetic  measurements  be  very  frequently 
had  to  the  controlling  bar.  It  is  consequently  of  importance  in 
conducting  these  experiments  to  obtain  a  facility  in  its  use, 
and  to  become  well  acquainted  with  the  laws  of  its  operation. 
A  separate  article  will,  therefore,  in  the  sequel,  be  devoted  to 
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developing  the  rules  and  laws  regulating  the  various  applica* 
tions  and  effects  of  the  controlling  bar. 

In  conclusion^  it  may  be  remarked,  with  reference  to  the 
situation  of  the  building,  that  other  buildings  may  stand  at  no 
very  great  distance  from  it,  without  exercising  an  injurious 
effect  on  the  observations.  At  Gottingen,  for  instance,  in 
order  to  prevent  those  persons  who  are  occupied  with  these 
enquiries  from  being  exposed  to  great  inconvenience,  it  wa§ 
necessary  that  the  magnetic  apparatus  should  be  erected  at  no 
great  distance  from  the  Royal  Observatory,  and  the  most 
appropriate  spot  that  was  open  to  our  choice  was  selected  for 
the  purpose.  The  centre  of  this  place,  which  is  occupied  by 
the  magnetometer,  lies  about  196.86  feet  to  the  west  of  the 
observatory.  At  this  distance,  moderately  strong  magnets 
exercise  so  little  influence  on  the  magnetometer  erected  in  the 
magnetic  observatory,  that  experience  shows  it  is  quite  im- 
material to  fit  up  in  a  room  in  the  former  the  auxiliary  mag- 
netic apparatus,  which  is  found  to  be  of  the  greatest  assistance 
in  absolute  measurement's,  in  order,  notwithstanding  the 
variations  of  terrestrial  magnetism,  to  compare  the  different 
observations  which,  when  results  of  this  nature  are  to  be 
obtained,  it  is  necessary  should  be  repeated  in  a  continuous 
series. 

Description  of  Plate  VIII. 

Tn  this  plate  are  shown  the  separate  parts  of  the  magnetic 
apparatus,  with  the  exception  of  the  clock  and  the  theodolite, 
the  measuring  rods,  the  case,  and  the  torsion  and  controlling 
bars. 

Some  of  these  do  not  require  any  particular  description,  and 
some  of  them  are  shown  on  a  smaller  scale  in  Plates  VI.  and 
VII.  The  construction  of  the  holder  with  its  raising  screw, 
of  the  cradle  and  torsion  circle,  of  the  mirror  frame  and  its 
adjustments,  of  the  weight  holder  and  the  weights,  call  for  a 
more  detailed  description ;  and  they  are  consequently  figured 
in  this  plate  in  several  positions  of  half  their  actual  magnitude. 

Three  views  are  given  of  the  cradle  with  the  torsion  circle 
and  inserted  magnet ;  namely,  as  seen  from  west,  from  south, 
and  from  above ;  the  same  is  done  with  respect  to  the  mirror 
fitime.  The  holder  with  the  raising  screw  are  shown  from  two 
sides ;  west  and  south. 

The  south  view  of  the  cradle,  with  the  torsion  circle  and 
inserted  magnet,  has  been  employed  for  showing  the  manner 
in  which  the  weight  holder  is  to  be  laid  across  the  magnetic 
bar  inserted  into  the  cradle  in  a  direction  running  east  and 
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west,  and  how  the  two  weights  of  1.102  lb.  each  are  to  be 
suspended  therefrom  from  the  projecting  points  when  con- 
ducting measurements  in  absolute  intensity,  which  require  a 
knowledge  of  the  inertia  of  the  oscillating  parts  of  the  mag- 
netometer. 

To  save  room  in  the  plate,  the  two  views  of  the  holder  and 
raising  screw  are  placed  side  by  side  on  the  upper  line.  This 
arrangement  has^  however,  the  disadvantage  of  removing  both 
these  figures  out  of  their  proper  places  with  respect  to  the 
oscillating  parts  of  the  magnetometer  appended  to  them.  We 
see,  however,  without  difficulty  how  the  view  of  the  holder 
and  raising  screw  given  in  fig.  1,  and  the  view  of  the  cradle, 
the  torsion  circle,  the  magnetic  bar,  and  the  mirror  frame  as 
shown  in  fig.  3,  are  to  be  supposed  in  connexion ;  for  we 
observe  that  in  fig.  1,  is  shown  the  commencement,  and  in 
fig.  3,  the  end  of  the  line  by  which  they  are  united.  The 
principal  parts  of  the  magnetometer  are  represented  in  these 
two  figures  as  seen  from  the  west.  In  a  similar  manner  figs. 
2,  and  6,  are  to  be  taken  together,  and  represent  the 
instrument  as  seen  from  the  south.  In  fig.  6,  the  mirror 
frame  has  been  removed  from  the  south  end  of  the  magnetic 
bar,  as  it  would  conceal  the  cradle  which  is  situated  behind  it. 

A  separate  view  of  this  mirror  frame  is  given  in  fig.  4. 

In  the  west  view  seen  at  fig.  3,  only  the  little  notch  in  the 
cradle  into  which  the  weight  holder  is  let  is  given,  but  in  the 
southern  view  as  shown  in  fig.  6,  is  seen  not  only  the  weight 
holder  as  it  is  inserted  into  the  notch  and  lying  across  the 
magnetic  bar,  but  the  two  weights  are  also  shown  as  they  are 
to  be  suspended  from  the  projecting  points. 

Fig.  1,  represents  the  holder  with  the  raising  screw  and 
thread  as  seen  from  the  west.  A  A  is  a  board  fastened  to  the 
ceiling.  B  B  are  two  parallel  wooden  rods  glued  on  to  A  A, 
between  which  a  slide  D  D  supported  on  two  projecting 
shoulders  moves  backwards  and  forwards  from  east  to  west. 
The  brass  collars  E  are  fastened  to  the  slide  by  screws,  and 
in  these  collars  the  raising  screw  works,  running  east  and 
west.  F  is  the  westerly  end  of  the  screw,  and  in  this  view 
conceals  the  screw  itself.  G  is  the  thread  attached  to  the 
screw. 

Fig.  2,  shows  the  holder  with  the  raising  screw  as  seen 
from  the  south.  A  A  here  represents  a  longitudinal  view  of 
the  board  fastened  to  the  ceiling.  B  B  is  the  north  rod  glued 
thereto.  C  C  the  shoulder  supporting  the  slide  and  having  a 
scale  affixed  to  its  edge  for  giving  C  C  its  proper  position. 
D  D  is  a  longitudinal  view  of  the  slide  to  which  the  brass 
collars  E  E'  are  screwed,  and  through  which  the  raising  screw^ 
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whose  head  is  F,  passes.  The  worm  of  this  screw  turns  in 
the  grooved  collar  E,  and  is  kept  in  its  place  in  it  by  the  nut 
H.  Near  the  second  collar  E'  the  screw  becomes  a  plain 
cylinder  passing  through  the  smooth  aperture  made  therein 
for  its  reception.  The  line  G  is  fastened  to  the  end  of  the 
thread  of  the  screw,  and  hes  in  the  worm  of  it  till  it  comes 
half  way  between  the  collars ;  it  here  hangs  down  perpen- 
dicular and  has  the  cradle  of  the  magnetometer  connected 
with  its  lower  end.  If  the  line  has  to  be  taken  up,  the  nut  H 
must  be  loosened  and  the  screw  is  to  be  tm'ned  round  in  the 
collars  by  the  head  F. 

Fig.  3,  represents  the  oscillatory  parts  of  the  magnetometer 
as  seen  from  the  west.  It  consists  of  two  hooks  A  A,  the 
hindermost  of  which  is  in  this  figure  concealed  by  the  front 
one.  The  lower  end  of  the  thread  G  is  fastened  to  a  pin  that 
catches  against  the  bottom  part  of  these  hooks.  This  por- 
tion of  the  magnetometer  comprises  also  the  torsion  circle 
B  B,  upon  which  the  cradle  C  C  C  C  rests,  the  magnetic  bar 
D  D,  the  mirror  frame  E,  with  the  two  smaller  frames  F  F, 
and  H  H,  and  the  clamps  K  K  for  the  reception  of  the  mirror. 
With  the  exception  of  the  magnetic  bar  which  of  itself  weighs 
3.75  lb.,  and  the  mirror  which  must  be  made  of  tolerably 
stout  glass  so  that  its  surface  may  be  truly  plane,  all  parts  of 
the  magnetometer  are  made  of  thin  brass,  so  as  not  materially 
to  augment  the  inertia. 

The  line  supporting  the  cradle  is  not  fastened  directly  to 
it,  but  is  connected  to  a  pin  catching  below  the  hooks  A  A,  so 
that  it  may  be  detached  without  inconvenience. 

This  pin  is  furnished  with  two  points  about  1.57  inch  apart, 
and  which  fit  into  two  small  notches  in  the  hooks  A  A. 

The  torsion  circle  BB  carries  a  vertical  peg,  to  whose 
upper  end  the  hooks  are  fastened,  and  across  which  they 
meet,  allowing  of  a  horizontal  motion  round  it  as  a  centre. 
The  cradle  itself  reposes  on  the  periphery  of  the  torsion  circle, 
the  fi*iction  upon  which,  however,  retains  it  in  its  place.  At 
the  extremity  of  the  magnetic  bar  D  D  is  seen  the  mirror 
frame,  which,  at  E,  is  formed  into  a  kind  of  sheath,  enclosing 
the  bar  to  which  it  is  attached  by  binding  screws.  One  of 
the  smaller  frames  allowing  of  a  vertical  motion  round  the 
axis  of  the  bar  is  seen  at  F  F'.  At  the  farther  side  of  this 
little  frame,  and  therefore  hidden  from  our  view,  is  a  small  bind- 
ing and  adjustment  screw  for  regulating  its  position.  In  con- 
nexion witn  this  little  frame  FF',  there  is  a  second  little  frame 
H  H  moveable  at  F'  about, a  horizontal  axis,  the  position  of 
this  second  little  frame  with  relation  to  the  first  one,  by  means 
of  the  screw  and  nut  shown  at  the  upper  part  of  the  figure. 
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'  To  this  second  little  frame  are  fixed  the  clamps  intended 
for  the  reception  of  the  mirror.  These  clamps  are  three  in 
number :  in  this  figure,  however,  only  two  of  them  are  visible, 
the  third  being  hidden  by  the  second  at  K'. 

Fig.  4,  gives  a  more  detailed  account  of  the  mirror  frame 
and  its  various  parts,  which  are  more  distinctly  seen  in  this 
view  from  the  south  than  in  the  above  one  from  the  west. 
The  various  parts  are  here  indicated  by  the  same  letters. 

ITie  rectangle  in  the  back  ground  between  E  and  E^'  is  the 
section  of  that  sheath-like  part  of  the  frame  that  slips  into  the 
magnetic  bar,  and  to  which  it  is  to  be  screwed  fast.  This  sheath 
has  on  one  side  two  projections  E'  and  E',  forming  the  ver- 
tical (in  our  sketch  the  horizontal)  axis  of  the  little  frame 
FFF'F'. 

Towards  the  opposite  side  by  E"  there  is  a  third  projection 
against  which  the  screw  and  nut  work  for  altering  and  main- 
taining the  position  of  the  frame  in  question.  To  this  first 
little  frame  there  is  at  F'  F"  adapted  a  horizontal  axis  (ver- 
tical in  our  sketch)  about  which  the  second  little  frame  H  H 
H  H  moves.  Facing  this  axis  there  are  in  both  these  little 
frames  small  projections  serving,  as  in  the  former  case,  to 
alter  and  secure  the  position  of  this  second  little  frame  by 
means  of  a  screw  and  nut.  Three  slits  H  H,  H  H,  H  H,  are, 
it  will  be  observed,  made  in  this  second  little  frame  and  in 
which  three  small  slides  may  be  moved  up  and  down.  This 
arrangement  serves  for  reguLsiting  the  spaces  for  receiving  the 
mirror  according  to  its  size.  The  south  ends  of  these  little 
slides  terminate  in  three  small  vertical  studs,  upon  which  the 
edges  of  the  back  of  the  mirror  are  brought  to  bear,  while  the 
head  of  a  screw,  whose  worm  goes  close  to  the  edge  of  the 
glass  and  turns  in  the  slide,  presses  down  upon  its  front 
surface. 

In  this  figure  the  slides  themselves  are  not  shown,  but 
simply  the  heads  of  the  three  screws  that  work  into  them,  and 
by  which  they  are  entirely  concealed. 

After  this  detailed  account  of  the  first  figures,  a  few  short 
remarks  will  suffice  for  those  that  remain. 

Fig.  5.  In  this  view  of  the  cradle,  the  torsion  circle,  mag- 
netic bar,  and  mirror  frame  as  seen  from  above,  the  torsion 
circle  presents  itself  very  distinctly ;  as  does  also  the  shape  of 
the  cradle  lying  on  its  circumference  and  moveable  on  it  like 
a  vernier.  We  likewise  see  the  double  hook  with  its  two 
notches  attached  to  the  peg,  springing  from  the  centre  of  the 
circle.  The  brass  pin  catching  into  these  notches  has  been 
omitted  for  the  sake  of  clearness.  We  also  see  in  this  figure 
how  the  mirror  is  fastened  into  its  frame. 
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Fig.  6.  In  this  figure,  to  which  frequent  reference  has 
been  ah*eady  made,  it  may  be  particularly  observed  how  the 
pin  to  which  the  tluread  is  attached  catches  with  its  two  hooks 
which  are  connected  by  a  cross  plate,  in  which  there  is  made 
a  rectangular  hole ;  this  cross  plate  being  fitted  on  to  the  peg 
in  the  centre  of  the  torsion  circle,  which  is  filed  square  for 
that  purpose,  and  on  to  which  it  is  screwed  fast. 

As  the  cradle  and  magnetic  bar  must  be  lifted  up  when  the 
latter  is  to  be  inverted  for  ascertaining  its  magnetic  axis,  the 
pin  to  which  the  cradle  is  fastened  would  fall  out,  were  not  a 
small  spring  adapted  to  it  underneath.  This  spring,  which 
serves  to  keep  the  pin  in  its  place,  may  be  seen  in  the  figure. 

The  wooden  rod  of  upwards  of  27.559  inches  in  length, 
which  in  this  figure  is  laid  across  the  magnetic  bar,  and  to 
which  the  two  weights  of  1 .102  lb.  are  suspended  to  increase 
the  inertia,  is  provided  with  six  points,  on  which  the  two 
weights  can  be  hung  at  three  different  distances.  The  two 
points  nearest  the  centre  are  3.3937  inches  apart,  the  next 
15.748,  and  the  outside  ones  27.559.  The  first  and  last  are 
stationary,  but  the  intermediate  ones  can  be  taken  out  and 
inserted  into  other  holes  at  intervals  of  1.96  of  an  inch. 

The  distances  between  all  these  points  must  be  laid  down 
with  microscopic  accuracy. 

Figs.  7,  8,  and  9,  represent  the  pin  to  which  the  thread  is 
attached,  as  seen  from  the  side,  from  above  and  from  below. 

The  first  gives  a  sketch  of  the  two  points  with  which  this 
pin  catches  into  the  notches  in  the  hooks  on  the  torsion 
circle,  and  likewise  of  the  spring  that  keeps  this  pin  in  its 
place,  even  when  the  cradle  is  held  up  and  the  thread  loosened 
from  the  pin. 

The  second  shows  the  small  circular  hole  through  which 
the  thread  is  drawn,  and  by  which  it  is  kept  pressed  tight. 

The  third  shows  an  oval  opening  bisected  by  a  round  cross 
pin.  The  thread  is  bent  round  the  latter  and  pulled  tight, 
having  been  previously  drawn  in  its  whole  length  through  the 
loop  formed  at  its  lower  end. 

Fig.  10,  shows,  in  conclusion,  a  specimen  of  the  scale  placed 
beneath  the  theodolite,  its  image  being  observed  through  the 
telescope  of  this  instrument.  When  employing  an  astronomical 
telescope,  which  is  to  be  preferred  to  a  terrestrial  one  from  its 
presenting  the  advantage  of  greater  clearness  and  shorter 
focal  length,  the  apertures  being  alike,  the  scale  must  be 
inverted ;  in  which  case  the  figures  would  stand  underneath 
the  divisions  of  the  scale  instead  of  being,  as  in  our  figure, 
above  them. 
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Expenses  incurred  by   the  building  and  fitting  up  of  a 

magnetic  observatory. 

The  expenses  of  a  magnetic  o]>servatory  may  be  comprised 
under  two  heads :  namely^  those  of  the  building  and  those  of 
the  instruments. 

The  expense  of  erecting  the  building  will  vary  at  different 

E laces.     By  way  of  example^  it  may  be  remarked,  that  the 
uilder's  account  of  the  magnetic  observatory  of  Gottingen^ 
complete,  amounted  to  £113. 

It  must  be  observed,  however,  that  a  portion  of  this  expense 
was  incurred  by  entirely  excluding  iron  from  the  building. 
All  nails^  locks,  window  and  door  hinges;  every  thing,  in  shorty 
that  is  usually  of  iron,  is  here  made  of  copper;  by  which 
means  there  is  within  a  considerable  range  of  the  magneto- 
meter nothing  that  can  interfere  with  the  accuracy  of  its 
indications. 

The  following  are  the  prices  of  the  instruments  as  extracted 
£rom  the  catalogue  of  Mayerstein,  Optician  at  Gottingen, 
from  whose  workshops  most  of  these  instruments  now  in  use 
have  proceeded. 

1.  An  eight-inch  theodolite  -         .        -        - 

2.  Clock,  beating  seconds      -        .        -        - 

3.  Firm  stand  for  theodolite  ... 

4.  Scale  with  its  setting         .... 

5.  Illuminating  apparatus      .... 

6.  Holder  with  sUde  and  screw      ... 

7.  Cradle  and  torsion  circle  ... 

8.  Principal  bar,  weight  4  lbs.,  box  for  it,  4  lb. 

auxiliary  bar,  and  lib.  controlling  bar 

9.  Brass  torsion  bar,  with  magnet  let  into  it   - 

10.  Two  mirror  frames,  with  adjustments  and 

mirrors        --..-. 

1 1.  Weight  holder,  and  two  weights  of  1.1021b. 

each  (^  kilogramme)  with  arms 

12.  Case,  with  glass  lid  .... 

13.  Three  measuring  rods,  19.828  feet  long, 

with  stands 0  12    0 


£. 

s. 

d. 

21 

10 

0 

0 

0 

0 

3 

0 

12 

0 

3 

0 

2 

3 

0 

0 

0 

6 

0 

6 

3 

0 

1 

0 

0 

2 

6 

0 

£39  18    0 
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XX.     On  the  Propagation  of  Electrical  Currents  through 
Liquids,     ByM.  Charles  Matteucci.* 

The  passage  of  electriced  currents,  through  conducting 
bodies,  either  solids  or  liquids,  has  been  for  a  long  time  the 
subject  of  most  profound  and  extensive  research,  and  much 
celebrity  has  been  gained  by  scientific  men  of  our  age,  as 
Arago,  Ampere,  Becquerel,  Faraday,  De  la  Rive,  &c.,  for 
discoveries  made  in  this  branch  of  electrical  science.  But 
the  mine  is  far  from  being  entirely  explored,  and  the  efforts 
of  scientific  men  on  this  subject  never  cease  being  crowned 
by  some  important  discoveries. 

This  work  is  the  fruit  of  research,  commenced  three 
years  ago,  and  has  been  pursued  constantly :  I  have  tried  in 
the  course  of  my  experiments  to  find  some  remedy  for  the 
defects  of  my  experimental  method,  and  thereby  render  it 
less  unworthy,  if  possible,  the  consideration  of  the  learned. 
I  will  explain  more  clearly  the  object  of  my  labours. 

Whenever  the  current  of  a  pile  is  transmitted  by  a  conductor, 
partly  metallic,  and  partly  liquid,  we  can,  by  several  methods, 
modify  its  intensity  (by  the  intensity  of  the  electric  current 
I  mean  its  action  on  the  magnetic  needle  of  the  galvanometer) 
without  attaching  to  it  any  "  theoretic  value."  We  acknow- 
ledge two  different  orders ;  the  first  relates  to  the  strength  of 
the  pile,  the  other  to  the  nature  of  "  reophore"  (by  reophore 
I  mean  the  assemblage  of  electrodes  and  of  the  liquid  con- 
ductor). The  elements  which  constitute  the  strength  of 
the  pile  are  the  number  of  pairs,  the  extension  or  the  surface. of 
these  pairs,  and  lastly,  the  nature  of  the  liquid  between  them, 
as  far  as  regards  its  conductibility  and  chemical  action  on  the 
metals.  Withregard  to  theelements  of  the  reophore,  we  have — 
1st,  the  nature  or  chemical  composition  of  the  liquid ;  2d,  its 
temperature;  3d,  its  volume;  4th,  the  extension  and  the 
nature  of  the  electrodes.  It  is  the  influence  of  the  last  named 
elements  of  the  reophore  separating  and  re-uniting  together 
on  the  intensity  of  the  current,  that  I  propose  to  myself  study- 
ing, modifying  atthe  same  time  the  force  of  the  pile,  and  by 
that  the  original  intensity  of  the  current. 

Afterwards  I  shall  endeavour  to  determaie  the  influence  of 
metallic  diaphragms,  and  liquids  placed  in  the  route  of  the 
current,  also  its  intensity.  I  have  finished  my  work  by  re- 
searches on  the  modifications  brought  on  the  intensity  of  the 
current;  following  the  direction  in  which  this  current  runs 
through  the  reophore. 

*  Communicated  by  the  Author,  and  translated  from  the  French 
by  Miss  BachhofFner. 
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Before  commencing  an  explanation  of  these  researches,  I 
will  say  a  few  words  on  the  manner  and  method  of  ohservation. 
The  piles  I  made  use  of  were  of  plates  of  zinc  and  copper.  I 
employed  them  of  different  dimensions,  and  disposed  of  them 
sometimes  in  columns,  sometimes  in  troughs. 

I  was  particular  in  remembering  every  time  I  described  the 
phenomena  observed,  with  which  of  the  piles  the  current  was 
produced.  During  my  first  researches  I  made  use  of  a  pile 
that  I  called  a  constant  force.  The  construction  is  very  much 
the  same  as  that  employed  by  M.  Daniel,  and  as  this  learned 
gentleman  has  been  before  me  in  his  publication,  I  will  say 
but  few  words  on  the  subject. 

This  last  analysis  is  but  the  execution  of  an  idea  published 
some  time  since  by  M.  Becquerel.  This  pile  of  '^  constant 
force"  is  composed  of  a  series  of  little  rectangular  boxes  of 
varnished  wood,  every  one  cut  in  two,  in  such  a  manner  as  to 
form  three  cavities.  Two  plates  of  copper  are  placed  in  their 
two  extreme  spaces ;  these  are  separated  by  means  of  a  piece 
of  membrane.  The  middle  space  has,  at  the  bottom,  a  hole 
into  which  passes  a  tube  of  glass,  which  reaches  the  bottom  of 
the  box,  and  terminates  in  a  tube  almost  capillary.  Another 
rectangular  box,  also  of  wood,  and  rather  longer,  shuts  over 
the  edge  of  the  boxes  of  the  pile :  there  is  at  the  bottom  a 
series  of  holes  corresponding  with  the  spaces  of  the  pile,  and 
these  holes  again  terminate  by  tubes  of  glass,  the  same  as 
those  of  the  boxes  of  the  pile.  The  extreme  cavity  of  every 
box  is  full  of  saturated  solutions  of  sulphate  of  copper.  In  the 
middle  one  is  the  sheet  of  zinc,  amalgamated  on  its  surface, 
plunged  in  a  solution  of  sulphuric  acid.  This  same  solution 
is  poured  in  the  principal  space ;  and  as  the  running  is  equal, 
or  nearly  so,  for  all  the  tubes,  one  can  easily  conceive  the 
manner  in  which  the  liquid  that  moistens  the  zinc  is  renewed. 
The  plates  of  copper  do  not  suffer  any  chemical  action  on  the 
part  that  is  saturated  by  the  solution  of  sulphate  of  copper,  in 
which  they  are  immersed.  The  intensity  of  the  current  is 
known  by  the  galvanometer,  and  I  have  been  obliged  some- 
times to  take  notice  of  the  primitive  deviation.  When  arcs 
are  made  use  of,  in  part  liquid,  and  good  conductors,  the 
intensity  of  the  secondary  currents  are  so  great,  that  one 
cannot  always  attend  to  the  fixed  deviation  ;*  they  diminish 

♦  This  primitive  deviation  is  the  effect  of  the  impulsive  move- 
ment^ by  which  the  speed  communicated  to  the  needle  is  propor- 
tional to  its  intensity  from  0",  until  the  whole  arc  is  described,  and 
certainly  cannot  be  expressed  in  the  same  manner  as  the  forces  which 
produce  thajsteady  denection,  in  which  case  the  current  is  expressed 
Dy  the  tangent  of  the  arc  :  whereas  in  the  other  case  the  force  is 
expressed  by  the  chord  of  the  arc  of  primitive  deflection ;   in  the 
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down  to  zero,  and  even  produce  an  inverse  current  to  that  of 
the  pile. 

These  instruments  have  more  or  less  sensibility,  and  were 
constructed  in  the  ordinary  manner.  When  I  wish  to  study 
the  relative  conductibility  of  a  certain  "reophore"  I  have 
employed  the  galvanometer  of  double  threads.  The  table  of 
intensity  was  determined  by  the  method  described  by  M. 
Becquerel. 

The  electrodes  were,  in  general,  plates  or  wires  of  platina. 
Great  care  must  be  used  to  keep  these  plates  polished ;  to 
effect  it  they  are  immersed  in  a  solution  of  sulphuric  acid  rather 
warm,  and  then  washed  several  times  in  distilled  water.  It  is 
also  necessary  to  protect  them  from  those  secondary  "  polari- 
ties^" which  are  so  easily  developed  on  the  platina.  I  have 
employed  several  methods  for  this  purpose  that  have  quite 
answered  my  expectations  ;  in  the  first  place  only  four  or  five 
minutes  elapsed  between  each  experiment  to  see  almost  com- 
pletely disappear  these  secondary  currents,  particularly  when 
they  consist  of  currents  originally  weak,  and  liquid  reophores 
that  are  very  imperfect  conductors.  You  may  succeed  still  bet- 
ter by  uniting  by  a  metallic  thread  the  two  electrodes  after  the 
passage  of  the  primitive  current.  The  circulation  of  the 
secondary  currents  is  settled,  and  the  "polarity"  disappears 
by  that  the  more  easily.  It  can  be  done  another  way,  and 
this  method  has  also  succeeded  very  well.  Make  the  original 
current  pass  in  a  direction  relatively  opposed  to  the  electrodes, 
and  for  the  same  time,  and  the  secondary  polarities  are  des- 
troyed instantly.  In  general  I  have  not  made  a  second  passage 
of  currents,  without  assuring  myself  beforehand,  that  the 
secondary  polarity  had  disappeared.  With  the  other  piles 
that  were  not  of  '*  a  constant  force"  I  was  always  particular  in 
noticing  that  the  strength  of  them  was  not  sensibly  changed. 

I  have  studied  the  effect  the  membranes  have  produced 
that  I  employed  in  the  course  of  my  experiments.  When  they 
are  fresh  and  have  been  plunged  into  the  liquid  during  half  an 
hour,  they  cease  to  weaken  the  current  and  oblige  it  to  pass 
through;  they  prevent  the  mixture  of  liquids  during  a  suffi- 
cient time  for  observation  in  experiments  of  this  kind.  I  think 
it  useless  to  describe  all  the  other  means  employed  in  these 
experiments :  they  axe  known  to  all  scientific  men  accustomed 
to  this  kind  of  research.   I  propose  to  myself  studying  in  what 

same  manner  as  pendulous  motions.     Haying  ascertained;^  by  a 

freat  number  of  experiments,  that  the  same  arc  of  primitive 
eviation  is  produced  when  the  force  of  the  pile  is  constant,  and  no 
change  is  made  in  the  connecting  circuit,  one  may  mak«  use  of  this 
primitive  deyiation  to  compare  the  intensities  of  different  currents. 
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manner  the  electric  current,  measured  by  its  action  on  the 
magnetic  needle,  is  modified  in  its  passage  through  liquids,  by 
the  different  strengths  of  the  pile  and  by  the  variable  nature 
of  the  reophore.  I  ought  again  to  examine  the  nature  of  the 
electric  current,  and  I  will  explain  in  a  few  words  the  actual 
state  of  our  knowledge.  We  know  positively  that  the  electro- 
lytical  power  of  a  current  depends,  in  an  elementary  pile,  on 
the  intensity  of  chemical  action  it  develops,  whilst  the  quan- 
tity of  this  action  is  derived  from  the  quantity  of  metal  beneath, 
or  from  the  quantity  of  electro-chemical  action  generated 
Thus  it  is  that  if  a  current  has  not,  by  defect  of  chemical 
action,  a  certain  degree  of  electrolytical  power,  it  cannot  be 
given  to  it  by  augmenting  its  quantity. 

M.  de  la  Rive  admits,  also,  that  all  chemical  action  gives  to 
the  current  that  it  develops,  an  individual  electro-chemical 
character.  We  know  that  by  increasing  the  number  of  pairs 
of  a  pile  nothing  is  added  to  the  quantity  of  electricity  developed. 
Thus  it  is,  that  the  magnetic  action  of  the  current  of  a  pile 
does  not  differ  in  any  one  of  these  pairs,  not  even  the  weakest 
if  the  current  of  the  pile  is  entirely  discharged  by  a  metallic 
conductor  sufficiently  thick  for  the  electrical  charge  to  pass 
through.  When  the  arch  is  not  perfect,  by  one  portion  of  the 
current  of  the  pile  taking  the  road  of  the  arc,  and  the  other 
bemg  discharged  by  the  pile  itself,  you  will,  by  adding  to  the 
number  of  pairs,  render  the  first  method  of  circulation  worse. 
The  greater  part  of  the  current  passes  by  the  exterior  arc,  and 
its  action  on  the  magnetic  needle  and  electrolytical  power  is 
by  that  augmented. 

The  relation  between  these  two  complimentary  quantities 
depends  on  the  relative  conductibility  of  the  pile  and  the  arc 
and  at  the  same  time,  by  the  same  rule,  the  force  and  construe ' 
tion  of  this  pile.  We  know  also  that  all  electricity  developed 
by  chemical  action  does  not  circulate.  There  is  one  part  that 
IS  recomposed  on  the  surface  of  the  positive  metal,  and  this  part 
often  varies  the  conductibility  of  the  intermediate  arc.  It  is 
by  these  means  that  hydrogen  is  developed  on  the  surface  of 
the  zinc,  whilst  m  circulating  currents,  hydrogen  is  developed 
on  the  electro-negative  metal.  I  shall  begin  by  stating  a  feet 
that  will  throw  some  light  on  the  nature  of  electrolytical  power 
I  have  been  able  to  obtain  electrolytical  decomposition  when 
the  current  passes  through  liquids  by  very  narrow  electrodes, 
whilst  this  same  current  does  not  give  place  to  any  decompo- 
sition  if  the  electrodes  are  very  extended.*     These  experi- 

♦This  work  had  been  finished  some  time  when  I  read  that  De 
la  Kive,  for  the  smgle  electro-magnetic  currents,  had  arrived  at  the 
same  conclusion,  and  that  Mr.  Sturgeon  was  occupied  with  the 
same  subject.  ^ 
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ments  appear  to  me  interesting  enough  to  merit  being  des- 
cribed with  the  utmost  precision.  My  pairs  were  composed 
of  a  square  plate  of  amalgamated  zinc,  which  measured  0"  03 
of  each  side ;  the  surface  of  copper  was  double,  and  bent  the 
same  as  in  the  pile  of  WoUaston  ;  the  liquid  of  the  pile  was  a 
solution  of  sulphuric  acid  in  rain  water,  in  the  proportion  of 
one  part  acid  to  a  100  or  110  of  water.  To  the  two  plates  were 
soldered  two  wires  of  copper  which  were  continued  to  the 
electrodes  of  platina ;  the  most  extended  were  5  cc,  the  smaQ 
ones  were  0™  003  broad,  and  discovered  from  8  to  10  milli- 
meters. 

I  again  prepared  a  solution  of  hydriodate  of  potassa  con- 
tained in  two  capsules ;  by  one  of  these  capsules  the  current 
is  transmitted  by  the  broad  electrodes,  in  the  other  by 
the  narrow.  Before  the  passage  of  the  cm-rent  commences, 
I  drop  in  the  hydriodate  some  drops  of  a  solution  of  starch. 
Some  few  minutes  after  the  current  circulates,  the  narrow 
electrodes  are  covered  with  a  dark  blue  foam.  On  the  broad 
electrodes  nothing  of  the  kind  is  perceivable ;  not  even  after 
having  prolonged  during  six  hours  the  passage  of  the  current. 
I  wish  to  observe  that  if  the  current  has  but  a  single  passage 
to  make,  the  decomposition  is  produced  equally  with  the  broad 
and  narrow  electrodes.  I  have  tried  to  electrify  another  liquid. 
It  was  a  saturated  solution  of  sulphate  of  copper  at  +  20*  R. 
The  current  of  a  single  pair  even  after  a  very  prolonged  passage 
does  not  give  place  to  any  decomposition,  when  it  has  only  a 
single  passage  through  the.  liquids.  Two  similar  pairs  united 
give  decomposition  with  the  extended  electrodes,  and  with  the 
narrow  ones  when  there  is  only  a  single  passage.  If  the  current 
passes  in  the  two  liquids  at  the  same  time,  there  is  no  decom- 
position except  on  the  narrow  electrodes.  I  have  again  elec>- 
trifled  the  solution  of  sulphuric  acid  the  same  that  excited  the 
current.  With  a  single  pair  I  obtain  no  trace  of  decomposi- 
tion on  any  occasion  whatever.  With  two  pairs  I  observed 
nothing  with  the  two  passages ;  but  decomposition  commences 
if  the  current  passes  by  the  single  narrow  electrode,  but  not 
with  the  broad.  With  three  pairs  the  decomposition  does  not 
take  place  if  the  two  passages  are  united ;  it  occurs,  how^ 
ever,  with  the  broad  and  narrow  electrodes  when  separately 
employed.  Lastly,  four  pairs  produce  decomposition  on  the 
little  electrodes  and  not  with  the  broad.  I  observed  that  all 
these  experiments  are  prolonged  by  renewing  the  acid  of  the 
pile,  in  tiie  manner  I  have  described. 

The  observations  I  have  made  sufiice  to  establish  that  the 
electric  current,  discharged  in  a  liquid,  when  it  is  transmitted 
by  little  electrodes,  is  endued  with  an  electrolytic  intensity 
much  greater  than  that  it  would  have  if  it  was  transmitted  by 
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more  extended  electrodes.  It  is  worthy  of  notice  that  when- 
ever the  action  is  measured  on  the  magnetic  needle^  it  is  fomid 
to  be  stronger  for  the  current  that  is  discharged  by  the  ex- 
tended electrodes ;  thus  it  is  in  the  solution  of  hydriodate  of 
potassa^  there  are  10"  with  the  narrow  electrodes,  and  50"  with 
the  broad.  It  is  to  be  observed  that  this  difference  of  devia- 
tion is  not  prolonged  after  the  first  momenta  of  the  passage  of 
the  current.  Again,  I  wished  to  determine  what  was  the 
quantity  of  zinc  dissolved  in  producing  these  different  currents. 
The  passage  of  the  current  was  prolonged  in  every  experiment 
for  an  equal  time.  The  zinc  was  weighed  before  and  after  the 
experiment.  I  think  it  unnecessary  here  to  name  the  number 
of  experiments  I  have  tried,  to  arrive  at  these  general  conclu- 
sions ;  suffice  it  to  say,  whenever  the  elementary  current  is 
obliged  to  pass  through  a  liquid,  the  bubbles  of  hydrogen 
always  show  themselves  on  the  zinc,  and  these  bubbles  increase 
in  number  when  the  liquid,  traversed  by  the  current,  becomes 
electrolized.  One  has  only  to  make  a  metallic  communication 
between  the  zinc  and  the  platina  of  the  pile,  to  see  appear  at 
the  same  instant,  a  torrent  of  bubbles  of  hydrogen  on  the  sur- 
face of  the  platina,  and  those  of  the  zinc  completely  disappear. 
I  shall  show  these  results  in  the  following  conclusion : — 

1st.  When  the  current  of  an  elementary  pile  composed  of 
a  plate  of  zinc  amalgamated  on  its  surface,  and  of  a  double 
plate  of  platina,  circulating  by  a  metallic  arc ;  the  hydrogen 
only  is  disengaged  from  the  surface  of  the  platina,  and  the 
quantity  of  zinc  dissolved  in  this  case  is  much  greater  than 
that  found  to  be  when  the  current,  developed  under  the  same 
circumstances,  is  circulated  by  an  arc,  in  part  metallic  in  part 
liquid.  Thus  it  is  that  135  millig.  of  zinc  are  dissolved  in  the 
same  time  as  12  millig.;  the  liquid  of  the  pile  being  water 
acidulated  by  sulphuric  acid  in  volumes  of  300  parts  water 
and  5  parts  acid.  In  the  first  case  the  arc  was  all  metal;  in 
the  second  there  was  a  bed  of  rain  water  to  traverse. 

2d.  When  the  elementary  current  passes  through  a  liquid, 
the  amount  of  electro-chemical  action  generated,  measured 
by  the  quantity  of  zinc  dissolved,  depends  principally  on 
the  degree  of  electrolization  with  which  it  is  endowed ;  that 
being  accomplished  by  the  variable  extension  of  the  electrodes, 
and  by  the  nature  of  the  liquid  traversed  by  the  current.  Thus 
it  is  when  electrolization  is  produced  by  the  little  extension  of 
electrodes,  or  by  the  easy  electrolization  of  the  liquid ;  it  will 
be  found  in  both  these  cases,  the  quantity  of  zinc  dissolved  is 
much  greater  than  it  would  be  if  the  passage  of  the  same  cur- 
rent was  through  broader  electrodes,  or  with  a  liquid  less 
easily  electrolized ;  in  the  which  case  there  would  be  no  decom- 
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position.  I  have  made  ten  successive  experiments  with  the 
same  arrangement  of  apparatus,  plates  of  zinc  of  equal  surface 
equally  amalgamated  and  very  little  difference  in  weight  from 
each  other,  the  acid  liquid  was  the  same  as  that  I  have  before 
described.  In  five  of  these  experiments  the  current  was  cir- 
culated by  electrodes  twenty  times  more  extended  than  that 
of  the  other  five.  In  the  first  the  liquid  conductor  was  of  rain 
water,  and  the  galvanometer  marked  90'  of  primitive  devi- 
ation ;  in  the  others  the  liquid  was  a  solution  of  hydriodate  of 
potash  in  1  -800  of  distilled  water,  and  the  galvanometer  marked 
10*.  The  circulation  of  the  current  was  maintained  during 
thirty  minutes,  and  the  amount  of  zinc  dissolved  was  for  the 
first  4  millig.,  and  10  for  the  others. 

3d.  If  in  any  case  the  current  is  made  to  circulate  by 
extended  electrodes,  and  in  another  by  very  small  electrodes, 
employing  a  liquid  conductor  capable  of  being  electrolized ; 
in  both  these  cases  it  will  be  found  that  the  quantity  of  zinc 
dissolved  is  much  greater,  if.it  has  magnetic  action,  when  the 
current  circulates  by  broader  electrodes. 

4th.  This  same  result  is  verified  when  the  electric  cur- 
rent is  transmitted  by  electrodes  of  a  very  variable  extension, 
without  there  is  electrolization,  slightly  apparent.  There- 
fore, if  you  make  the  current  of  an  elementary  pile  pass 
through  rain  water,  by  very  extended  electrodes,  and  another 
current  equally  developed  by  very  small  electrodes,  and 
in  the  same  liquid,  you  will  not  perceive  any  electrolization 
in  either  of  these  cases,  and  the  quantity  of  zinc  dissolved  is 
greater  in  comparison  for  the  current  passing  by  extended 
electrodes.  In  general,  where  there  is  no  electrolization,  the 
quantity  of  zinc  dissolved  in  generating  the  current  diminishes, 
on  all  occasions,  that  it  weakens  its  magnetic  action.  It  often 
happens  by  a  variable  time  in  the  settling  of  the  liquid,  or 
by  the  different  nature  of  this  liquid,  that  it  is  not  rendered 
electrolizable. 

5th.  When,  instead  of  an  elementary  pile,  several  pairs 
are  united  together,  it  is  very  true  that  the  quantity  of  zinc 
dissolved  by  every  plate  of  zinc  when  they  are  united,  is  equal 
to  that  obtained  if  every  pair  was  separately  employed.  It 
will  be  necessary  for  a  true  result  that  the  cun*ent  of  a  pile  or 
of  a  pair  is  calculated  by  a  conductor  wholly  of  metal. 

If,  on  the  contrary,  the  current  be  transmitted  through  a 
liquid,  and  in  this  case  the  electrolization  is  stronger  by  the  pile 
than  by  the  elementary  pair,  the  quantity  of  zinc  dissolved  is 
more  for  the  united  pairs,  every  one  taken  separately,  than  for 
one  of  them  employed  alone  in  the  same  circumstances.  I  have 
taken  four  plates  of  zinc  and  I  united  them  in  piles,  and  the 
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current  passed  by  electrodes  of  platina  in  water  slightly  acidu-* 
latcd;  four  other  equal  plates^  I  used  in  this  experiment  with . 
3mall  electrodes,  which  produced  in  both  cases  electrolization. 
The  amount  of  a  great  number  of  experiments  gives  20  milli- 
grammes of  zinc  dissolved  for  every  plate  of  the  pile  of  four 
pairs,  and  16  milligrammes  for  a  plate  employed  in  an 
elementary  pile. 

It  appears  to  me  very  easy  to  conceive  how  quantity  gives 
electricity  in  passing  in  a  liquid  by  narrow  electrodes  can 
produce  a  stronger  electrolytical  effect  than  that  it  would  by 
being  introduced  by  more  extended  electrodes.  The  quantity 
that  presents  itself  in  each  thread  of  liquid  that  touches  the 
electrodes,  is  much  greater  in  one  case  than  iu  the  other,  which 
is  possible  even  when  the  quantity  of  electricity  circulated  is 
very  small. 

1  cannot  admit  that  every  chemical  action  generated  by 
electricity  gives  an  individual  electrolytical  character.  This 
electrolytical  force  or  power  appears  to  me  to  depend  on  the 
quantity  of  electricity  developed  in  reference  with  the  quantity 
circulated  and  with  that  which  presents  itself  at  the  same 
time,  to  a  certain  thread  of  liquid  united  together. 

CHAPTER  I. 

'  On  the  influence  of  the  nature  of  liquid  on  the  intensity  of 
the  electrical  current  transmitted. 

Independently  of  the  electro-chemical  decomposition  which 
accompanies,  in  most  cases,  the  passage  of  the  electrical 
current  through  liquids,  and  which  certainly  exercises  a  very 
great  influence  on  the  conducting  poWer,  there  is  for  these 
bodies  the  same  power  of  transmission  of  the  electricity  that 
IS  proper  in  a  superior  degree  of  the  carbon,  and  above  €^, 
of  metals.  One  body  only,  the  '^  periodure  '*  of  mercury,  is 
capable  of  conducting  electricity  without  being  decomposed, 
suffices  to  establish  this  principle.  We  see,  also  by  the  follow- 
ing researches,  that  bodies  very  easily  decomposed  by  the 
electric  current,  are  very  far  from  possessing  the  same  power 
of  conducting  as  others,  by  which  the  passage  of  the  current 
is  made  without  any  sensible  electro-chemical  decomposition. 
The  research  of  the  electrical  conductibility  of  liquids  was 
undertaken  M.  M.  Gay  Lussac  and  Th^nard,  and  afterwards 
by  M.  Marianini,  and  at  length  by  myself.*     It  must  be 

♦  M.  Pouillet  has  just  published  a  very  important  work  on 
electric  currents.  He  describes  in  this  work,  which  is  very  little 
known  at  present,  a  very  ingenious  process  for  comparing  the  con- 
ductibility of  liquids  and  metals. 
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acknowledged  thitt  the  methods  employed  by  these  different 
observers  is  very  far  from  being  exact  and  complete.  In  the 
researches  of  M.  Marianini^  the  conductibility  was  determined 
by  plunging  in  difierent  liquids  a  voltaic  pair,  and  in  making 
observations  by  the  galvanometer  of  the  current  developed 
One  can  easily  see,  as  is  well  observed  by  M.  Becquerel,  that 
in  this  method  accoi^it  cannot  be  taken  of  the  different  inten- 
sities of  chemical  action ^  and  modifications  brought  on  by  the 
new  combinations  it  produces.  The  method  I  have  myself 
employed,  although  exempt  from  the  &iult  I  have  r^roached 
M.  Marianini  with,  was  not  proper  to  give  at  the  same  time 
the  account  between  the  conductibility  of  a  liquid  and  that  of 
distilled  water,  to  which  they  have  reference.  The  pile  I  em-^ 
^oyed  was  very  far  from  giving  a  current  of  an  equal  force  as 
required  in  this  kind  of  research.  The  results  I  am  going  to 
mention  were  obtained  with  a  galvanometer  of  double  thread 
with  my  pile  of  equal  force  and  four  electrodes  of  platina, 
united  two  and  two  together,  and  plunged  in  the  liquid  of  the 
same  quantity  of  their  surface.  The  first  question  I  propose  to 
resolve  is,  to  know  if  the  conducting  power  given  to  water  by 
the  addition  of  a  great  number  of  substances,  depends  on  the 
conductibility  with  which  these  substances  are  endowed,  liqui- 
fied by  heat.  I  flatter  myself  with  having  succeeded  in  deciding 
this  question ;  in  demonstrating  in  effect  this  power  is  owing 
to  the  conductibility  acquired  in  the  watery  solutions  beizig 
always  the  same  power  modified  by  the  dissolvent.  We  also 
know  by  the  researches  of  M.  Faraday  that  certain  substances 
although  liquids  by  heat  never  cu^quire  any  conducting  power 
for  the  electrical  fluid.  These  same  substances,  dissolved  in 
any  proportions  in  water,  do  not  appear  sensibly  to  augment 
the  conductibility ;  sugar  is  the  principal  substance  used  in 
cases  of  this  kind.  It  is  very  true  that  other  substances 
singly,  although  liquified,  '^following  Professor  Faraday,*^  can 
augment  the  conductibility  of  water  in  which  they  are  dis- 
solved, this  is  the  '^periodure"of tin;  but  in  this  case,  it 
is  to  the  formation  of  "  hydriodic  acid"  that  it  is  due.  I 
have  again  determined  with  correctness  the  conductibility  of 
certain  melted  substances,  and  have  directly  compared  them 
to  those  of  their  solution  in  water.  !Nitrate  of  potash  melted 
gave  42*  forthwith,  directly  after  44" ;  it  increased  to  55% 
being  2*  more  than  that  of  distilled  water.  The  acetate  of  lead 
gave  two  different  conducting  powers;  in  its  first  aqueous  fusion 
the  conductibility  stopped  at  1 6**;  in  the  second  fusion  it  amount- 
ed to  30o.  We  must  now  look  at  the  conductibility  of  the  solutions 
of  these  two  salts  in  distilled  water.  At  first  sight  I  cannot  un- 
derstand how  a  small  quantity  of  salt  can  give  to  a  large  quan- 
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tity  of  water  the  same  condacting  power,  as  melted  salt.  We 
shall  see  directly  how  this  condactibility  is  always  increased  by 
the  largest  quantity  of  salt  that  is  dissolved  in  water;  I  have 
then  prepared  a  solution  of  acetate  of  lead  saturated  at  -f  20* 
R^  and  I  obtained  precisely  16*  of  conducting  power.  The  satu- 
rated solution  of  nitrate  of  potash  only  gave  30*.  The  result 
shown  by  the  "  acetate"  of  lead  is  evident.  This  salt  in  the  first 
&sion  can  be  compared  to  its  saturated  solution  in  the  water. 
The  chlorure  of  calcium  that  I  afterwards  submitted  to  the 
experiment  confirmed  the  preceding  result.  A  solution  of  tim 
salt  saturated  at  +  20*  R.  gave  44^ ;  in  its  aqueous  fitaion  45^. 
In  continuing  to  warm  it,  its  conducting  power  diminished,  and 
when  it  began  to  solidify  its  power  was  reduced  to  35*  and  at' 
length  to  30^.  It  may  be  seen  by  these  experim^iits  that  the 
conducting  power  of  melted  salt  increases  or  weakens  by  the 
action  of  dissolving.  I  note  here  that  no  eleetro-cfaemical  de- 
composition was  produced  in  these  experiments.  To  show  still 
more  clearly  the  influence  exercised  by  dissolving  liquids  on  thet 
conducting  power  of  bodies  dissolved,  I  will  mention,  an  expe- 
riment of  a  saline  solution  made  in  alcohoL  I  dissolved  l-lOO 
of  sal  ammoniac  in  alcohol,  its  oenductibility  was  o£  6* ;  I  added 
another  1^100  of  sal  ammoniac  and  1-100  of  nitrate  of  potash 
and  the  conducting  power  was  scarcely  increased.  To  this  same 
solution  I  again  added  1-100  of  nitric  acid  and  the  coiuhu^-. 
bility  became  14*^.  These  same  substances  added  to  distilled 
water  in  the  same  proportions  gave  25*.  I  will  again  give  three 
examples  of  the  power  conductors  have  shown  both  in  the  state 
of  saturated  solution  in  water  and  in  that  of  the  aqueous  fusion. 
The  sulphate  of  zinc  melted  gives  43%  and  the  saturated  solu- 
tion +  20»R  gives  more  than  42\  The  melted  sulphate  of  alu- 
mine  and  potash  gives  42*,  and  the  saturated  solution  42*.  The 
chlorate  of  potash  hah  been  before  tried,  when  g^itly  heated. 
It  gives  40*  when  it  is  completely  melted.  In  continuing  to 
heat  it,  the  conductibility  increases  and  mounts  to  47*,  and 
when  a  crystalline  substance  is  visible  at  the  bottom  of  the 
liquid,  the  conductibility  arrives  at  the  maximum  of  55*.  The 
solution  of  chlorate  of  potash  in  water  saturated  at  +  20*  R 
gives  rather  more  than  38*.  It  is  easily  seen  in  this  change  in 
the  conductibility  of  chlorate  of  potash  the  same  phenomenon 
that  we  have  observed  in  the  acetate  of  lead.  We  may  conclude 
in  general,  that  the  conducting  power  of  any  salt  whatever  in 
the  watery  fusion  is  the  same  as  that  of  the  solution  saturated 
in  water  -f  20^  R.  The  proper  conductibility  of  saline  mat- 
ter that  obtained  in  the  action  of  fusing  is  modified  by  that 
of  dissolving,  and  in  general  it  is  found  to  be  diminished. 
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The  diffi^rence  of  temperature  in  the  which  the  saturated  so- 
lution is  found  4-^*  I^»  ^^^  the  salts  in  their  fusions^  "  aque- 
ous" and  **  calorific,"  merit  observation.  We  shall  see  by  what 
follows  that  heat  has  (on  the  conductibility)  a  much  less  influ- 
ence when  the  solutions  are  better  conductors  and  the  tempera- 
ture more  elevated.  It  may  not  be  amiss  to  observe  that  the 
conducting  power  for  every  body  once  well  determined,  one  can 
easily  apply  those  data  to  determine  the  true  elementary  dis- 
position of  certain  combinations,  that  we  call  the  "  rational 
formula."  At  the  same  time  some  light  can  better  be  thrown 
on  the  question  of  ^^  hydro-chlorates"  or  chlorures. 

I  have  now  to  show  in  what  manner  the  conducting 
power  of  watery  solution  is  modified,  by  the  different  quantity 
of  the  substance  dissolved.  I  have  already  shown,  in 
another  work  published  in  the  Universal  Library  of  Geneva, 
that  this  conducting  power  is  not  proportionably  augmented 
to  the  quantity  of  matter  dissolved  in  water.  You  have  only  to 
reflect  on  the  experiments  that  I  have  shown,  to  see  this  prin- 
ciple confirmed.  All  these  saturated  saline  solutions  at-{-20R, 
have  the  same  conductibility  as  the  salts  in  their  watery 
fusions.  An  example  of  the  same  kind  is  again  offered  by  the 
tiiree  mineral  acids — sulfuric,  nitric,  hydrochloric.  Sulphuric . 
acid  was  tried  at  three  different  densities,  and  has  given  the 
foUowing  results ; 

Deoflitj.  Condactibility. 

1.8500  35* 

1.022  37 

1.010  37 

It  can  be  seen  by  this  table  that  the  sulphuric  acid,  the 
most  concentrated,  almost  anhydrous,  is  endowed  with  a  con- 
ductibility weaker  than  that  it  would  acquire  when  it  is  mixed 
with  a  certain  quantity  of  water.*  With  the  other  acid  the 
conductibility  varies  in  the  following  manner : 

Acid  Nitric?.  Acid  Hydijchloric. 


Density .  Condactibility 

1.18  5T 

1.029  47 

1.015  37 


■^       ^ 


Dtnmtj,  CoDductibility. 

1.260  58* 

1.027  50 

1.015  57 


The  same  result  is  again  demonstrated  by  the  hydrochlorate 
of  ammoniac ;  here  are  the  results : 

*  This  property,  of  the  sulphuric  acid,  has  already  been  established 
by  M.  De  la  Rive. 


50.0  sulphate  of  zinc  10<*         13  Int 
90.0      ...    -      12  17    „ 

70.0      -    -     -    -      13  crc,  33    „ 
80.0      -    ...      14         24    „ 
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10.0  ofsal  ammoniac  dissolved  in  distilled  water.  12*=rl8Int. 

20.0 .22 

30.0 26 

40.0 27 

I  will  name  the  results  obtained  with  solutions  of  the  sul- 
phate of  zinc. 

10.0  salpbate  of  zinc  3^  lat. 

20.0  -    ...      5             „ 

30.0  ....      6J           ,. 

40.0  -    -      -    .     8    10      „ 

It  will  take  too  long  time  here  to  detail  all  the  experi* 
ments  that  I  have  tried  on  this  subject^  which  will  be  found  in 
the  following  conclusions : 

1st.  The  conductibility  of  a  watery  solution  increases  in 
general  by  fresh  doses  of  the  substances  dissolved. 

2d.  There  is^  however^  a  limit  at  which  this  conductibility, 
by  fresh  doses  of  saline  substances  dissolved  in  the  water, 
ceases  to  increase.  With  piles  endowed  with  only  a  weak 
power  of  production  and  propagation  and  equal  weight  of  the 
substance  added^  this  limit  is  attained  sooner  for  the  substance 
which  communicates  the  greatest  conducting  power. 

3d.  When  the  pile  is  endowed  with  a  very  large  conducting 
and  propagating  power,  the  conductibility  of  the  solution  varies 
proportionably  to  the  quantity  of  saline  substance  dissolved, 
and  that  in  a  greater  proportion  for  the  substances  which 
gives  to  water  a  greater  conductibility. 

4th.  The  limit  at  which  the  conductibility  of  a  solution  is 
arrested  by  fresh  doses  of  the  substance  dissolved  in  water, 
is  thus  removed  much  farther  as  the  force  of  the  pile  is 
greater,  and  much  greater  is  the  conductibility  communicated 
to  the  water  by  the  substance  dissolved. 

5th.  We  shall  see  presently,  in  studying  the  influence  of 
the  number  of  pairs,  that  it  ceases  sooner  with  weak  piles, 
in  a  good  conducting  liquid,  whilst  the  contrary  happens  if 
the  pHe  is  endowed  with  a  great  power  of  production  and 
propagation. 

I  now  proceed  to  results  obtained  in  studying  the  conducting, 
power  of  several  salts  or  bodies  whatever,  melted  or  dissolved 
in  water,  and  mixed  together  without  there  being  any  decom- 
position. 

I  begin  by  trying  the  conductibility  of  melted  salts.  I  em- 
ployed for  that  purpose  the  acetate  of  lead,  the  nitrate  of  pot- 
ash, the  sulphate  of  zinc,  and  the  double  sulphate  of  alumine 
and  of  potash. 

The  general  result  at  which  I  have  arrived,  is,  that  the 
conductibility  of  a  mixture  of  several  melted  salts,  does  not 
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In  the  following  table  I  will  report  the  results  obtained,  in 
taking  for  the  liquid  of  the  pile  rain  water,  and  obliging  the 
current  to  pass  through  the  four  following  liquids :  A  =:  dis- 
tilled water,  B  =  solution  of  1-100  of  sulphate  of  zinc  in  dis- 
tilled water^  C  =  saturated  solution  of  sal  ammoniac  at  -f-  20  ^  R, 
D  ==  solution  of  sulphuric  acid. 


Number 
of  pain. 

A 

B 

C 

D 

Int 

Int 

Int 

Int 

10 

^-       „ 

2V 

7) 

14-24      ., 

16' 

28  „ 

20 

IJ         . 

5 

» 

17   30ex.„ 

18 

36  „ 

30 

2 

7 

8n 

18  36      „ 

15 

26  „ 

40 

2  ex.     „ 

8 

10  „ 

15  26      „ 

14 

24  „ 

60 

3 

7 

8„ 

12   17ex.„ 

n 

T>      >» 

60 

3          „  \7 

8„ 

11    16      „ 

rt 

Vt       »t 

I  think  it  useless  to  name  here  any  more  experiments ;  they 
would  be  similar  to  those  already  described ;  we  can  draw 
from  them  the  following  conclusions. 

1st.  The  action  of  the  current  on  the  magnetic  needle 
propagated  by  diflerent  liquids,  more  or  less  conductors, 
increases  in  general  with  the  number  of  pairs,  and  in  a  larger 
proportion  for  bad  conducting  liquids. 

2(d.  There  is  a  limit  in  the  number  of  pairs,  which  produce, 
in  a  certain  liquid,  the  current  that  exercises  the  maximum  of 
magnetic  action,  and  this  limit  arrives  sooner  for  the  good 
conducting  liquids  than  for  the  bad ;  thus  it  is  in  the  solution 
of  sulphuric  acid,  the  pile  of  twenty  pairs  gives  the  maximum 
current,  whilst  this  maximum  arrives  with  sixty  pairs  in 
distilled  water. 

3d.  In  passing  this  limit  in  the  number  of  pairs,  the 
intensity  of  the  propagated  current  begins  to  weaken. 

4th.  The  results  are  not  true  with  a  pile,  endowed  with 
only  a  weak  power  of  production  and  propagation. 

when,  instead  of  a  liquid  of  small  conducting  power  and 
active  in  the  pile,  they  make  use  of  a  solution  of  nitro- sulphuric, 
the  results  are  very  different  from  those  I  have  just  shown. 
Here  is  another  table  obtained  with  these  acid  liquids  in  the 
pile.  The  pairs  were  the  same  :  the  conducting  uquids  were 
A  m  of  distilled  water,  B  zz  a  solution  of  U 100  of  sal  ammo- 
niac, C  zz  8-100  of  sal  ammoniac,  D  =z  saturated  solution  of 
sal  ammoniac. 
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Number 
of  Pairs. 

A 

B 

G                  D        1 

'                 1 

Int 

lot 

lDt.l 

Int.! 

8 

1'        » 

7«        8,, 

)3» 

23„ 

38' 

Yi 

16 

2         „ 

14  ex.26  „ 

34 

**    n 

60 

W 

24 

3         „ 

32        „    „ 

48 

»»    n 

84 

» 

32 

5         n 

28       „    „ 

60 

»»    n 

n 

W 

40 

6ex    „ 

33ex.„     „ 

74 

»»    i' 

rt 

y» 

One  can  easily  see  by  these  experiments  that  when  the  pile 
is  endowed  with  a  great  power  of  production  and  propagation, 
the  intensity  of  the  current  increases  proportionably  to  the 
number  of  pairs,  and  in  a  much  larger  proportion  than  the 
conducting  liquid  is  endowed  of  a  greater  conductibility. 

We  are  conducted  to  these  conclusions  when  we  examine 
the  influence  of  the  extension  of  pairs.  I  will  only  show  here 
two  tables.  The  pile  was  of  columns  of  10  pairs.  Its  liquid 
was  of  rain  water.  The  current  passed  by  two  liquids ;  one 
was  a  solution  of  1-100  sulphate  of  zinc,  the  other  a  saturated 
solution  of  sal  ammoniac.  In  the  second  table  will  be  found 
united  the  result  obtained,  in  taking  for  the  liquid  of  the  pile 
a  solution  of  nit^o-sulphuric. 

\Bt  Table.  2d  Table. 


Eztenaion  of  the 

Platea. 


lz=0in  05  diam 

2  united  Om  05 

3  » 

4  » 

5  »» 

6  " 


Int. 


4- 

4  ex. 
6 

6  ex. 

7  8 

8  10 


yt 
n 
y) 


B 


Int. 


7"  8 
12  18ex. 
17  30 
23  „ 
27  „ 
37  ex. 


9* 
>» 
»» 
>9 


A 


6- 

7  8 

8  10 

8  ex.10  ,, 

9  12 
10   13 


B 


Int.      Int. 
8'  10   „ 
17  30ex.  „ 

35  „    „i 
40  „    „ 
42  „    ,J 


It  can  be  seen  by  this  table  that  the  intensity  of  the  current 
propagated  through  It  liquid,  augments  by  the  extension  of 
the  surface  of  the  pairs,  and  that  in  a  larger  proportion  for  the 
good  conducting  liquid,  by  reason  of  the  strength  of  the  pile. 

I  wUl  finish  this  chapter  by  uniting  in  a  table,  the  relative 
powers  of  conductibility,  with  which  certain  solutions  are  en- 
dowed. '  I  have  made  use  of,  for  this  determination,  my  pile 
of  constant  force  of  eight  pairs,  and  of  the  same  galvanometer 
of  double  thread.  All  were  compared  together  at  the  same 
time,  to  distilled  water.  The  solutions  contained  I- 100  of  dis- 
solved substance.  The  temperature  was  of  -|-  10*  R;  the 
solutions  were  contained  in  two  small  boxes  of  varnished  wood, 
of  equal  dimensions ;  they  were  0™  20  long,  the  breadth  and 
^®pth  being  each  0"  01.  The  electrodes  were  of  platina  and  of 
an  equal  surface  to  that  of  the  bed  of  liquid. 
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Here  are  the  tables : — 


\st  Table. 

Distilled  water 
Solatiou  of  bi-carbon,  of  soda 
id     Acetate  of  morphine 
id    Bicarbonate  of  potassa 
id    Carbouate  of  potassa 
id    Nitrate  of  silver 
id    Iodide  of  potassium 
id    Carbonate  of  soda 


Int. 
0-}  id 


6 
3 
5 
8 
6 
3 
8 


id 
id 
id 
10 
id 
id 
10 


2d  Table. 

¥_i 

Nitrate  of  potassa 

63- 

In 

Acetate  of  lead 

30 

n 

Chlorure  of  calcium 

30 

9» 

Alum 

42 

f9 

Sulphate  of  zinc 

43 

»» 

Chlorate  of  potassa 

50 

y» 

id  HjArochlorateofamm.ldexc  I8exc 

id            id        ofsoda  10      13       { 

id  Carbonate  of  ammon.  7       8 

id  Nitrate  of  potassa  5exc  id 

id  Chlorure  of  calcium  5      id 

id  Acetate  of  lead  3      id 

id  Sulphate  of  copper  3      id 

id  Sulphate  of  iron  2      id 

Widi  the  same  distilled  water  and  the  same  pile  I  have 
compared  tiie  conductibility  of  several  dissolved  salts :  th^jr 
ai«  united  in  the  second  table.  Having  renewed  the  zinc  df 
my  pile^  of  constant  force^  without  making  any  other  change, 
T  will  here  show  a  few  of  the  results  obtained. 


Distilled  water 
8al  ammoniac 
Carbonatt^  of  potassa 
Nitrate  of  silver 
Id      of  potassa  fused 
Alum  id 

Acetate  of  leAd        id 


Intensity. 
0'  ^xc      id 


17 

9 

8 
90  exc 
80 
75 


30 
12 

10 


>• 


It  can  easily  be  seen  the  little  importance  these  observations 
are  of^  when  the  modifications  are  known  to  be  brought  in  the 
conductibOity  of  any  solution  whatever,  by  the  diflferent  power 
of  the  pile,  the  number  of  the  pairs,  &c. ;  modifications  which 
are  very  £ar  from  being  reduced  to  precise  and  mathematical 
laws. 

(To  he  continued. J 


XXI.     Why  do  electrized  bodies  recede  from  one  another  ? 

By  Charles  Griffin,  Esq.* 

My  former  paper^  read  to  the  Electrical  Society  on  June  % 
was  intended  to  show  some  evidence  in  favour  of  homoge- 
neous attraction  of  Electricity^  and  that  not  only  on  its  own 
account,  but  to  open  the  minda  of  philosophers  to  receive 

*  Read  be&re  the  London  Electrical  Sodety,  Tuesday,  July. 
17, 1838. 


bodies  receding  from  one  another,  127 

with  less  aversion  a  new  answer  to  the  question  at  the  heiul  of 
this  article^  and  which  answer  I  purpose  to  give  partly  in  this 
paper. 

In  two  or  three  instances  where  I  have  read  of  a  new  ans- 
wer having  been  proposed  to  that  question,  philosophers  have 
shown  a  proneness  to  cUsoourage  any  oj^osition  to  the  docUrine 
of  repulsion. 

My  arguments,  in  this^  my  ^oond  paper,  will  certainly  be 
rather  general,  bat  I  trust  will  not  be  considered  an  inappropri- 
ate introduction  to  a  third  psf)er,  in  which  I  intend  to  con- 
mder,  more  particularly,  the  influence  exerted  by  one  and  two 
insulated  balls,  or  atmospheric  atoms,  electrified  positively  c^ 
negatively,  on  adjacent  balls  or  atoms,  and  on  each  other^ 
independently  of  any  repulsive  power  belonging  to  electricity 
or  to  ordinary  matter. 

'^Having  had  my  curiosity  excited  by  readii^  something  of 
Dr.  Franklin's  experiments  ^d  discoveries,  I  last  summer 
(1832)  procured  the  short  treatise  on  electricity,  published 
in  1827  and  1828,  by  the  Society  for  the  Difiusion  of  Useful 
Knowledge,  and,  after  a  careful  perusal  of  that  and  such  other 
accounts  as  I  met  with  on  the  subject,  became  a  single  fluidest 
and  was  led  to  reflect  much  on  the  singularity  of  negative 
repulsion. 

"  It  seemed  evident  there  was  a  fidlacy  in  Franklin's  theory 
as  regarded  repulsion;  but  I  conld  not  for  one  moment  believe 
it  arose  from  the  idea  of  there  being  one  fluid  only.  I  was  also 
as  incredulous  as  to  any  r^ulsion  between  the  parts  of  other 
ii^atter;  and  the  one  electric  fluid  being  gone,  there  could  be 
nothing  left  to  exert  a  repulsive  power. 

"  I  therefore  concluded,  there  must  be  something  without 
the  receding  bodies  that  concurred  in  causing  their  recessioiL ; 
and  that  as<n!ie  state  of  dectricity  had  always  been  found  to 
have  ateadeney  to  indnce  the  other  in  the  surrounding  bodies^ 
that  a  negative  state  of  electricity  in  two  suspended  balls  might 
induce  a  positive  state  in  the  surroondang  air.  Each  ball 
thereby  acquiring  a  positive  state  of  electricity,  the  two 
atmosplieres  I  thcHigbt  might  repel  each  other,  and  cany  their 
balls  with  Ihern  as  nearly  in  their  centires  as  the  disturbance 
of  gravity  would  admit. 

Afber  some  xeflection  iqKm  tiiiis  view  of  the  subject,  I  con- 
sidered that  the  non-condueting  quality  of  the  air  would  not 
permit  that  rapid  transference  oi  electrical  particles  which  is 
produced  by  induction ;  and  if  it  did,  that  it  might  as  easily 
pen&it  a  transference  of  electricity  from  tiie  air  to  the  bodies 
themselves,  and,  consequently,  that  the  instantaneous  recessicm 
<^  electrified  bodies  could  not  arise  from  that  cause.     I  alsp 
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considered  that  the  elastic  property  of  the  air  would  not  allow 
that  to  be  condensed  with  the  electricity  round  negative  bodies, 
so  as  to  produce  a  positive  atmosphere. 

The  transition  was  now  easy  to  the  reflection^  that  if  bodies 
negatively  electrified  had  an  attractio^for  the  natural  quantity 
of  electricity  of  other  bodies^  then  two  negatively  electrified 
bodies,  suspended  in  the  usual  way^  must  exert  an  attractive 
influence  on  the  natural  quantity  of  electricity  of  the  air  around 
them ;  and  if  the  electricity  would  not  approach  them,  they 
might  approach  the  electricity.  They  might,  but  whether 
they  must,  depended  upon  the  equality  or  inequality  of  the 
force  of  this  attraction  on  each  side  each  ball. 

"  On  the  remoter  sides  of  the  balls  I  considered  they  were 
attracted  by  the  electricity  of  the  air  with  greater  force  than 
they  were  attracted  on  the  adjacent  sides ;  supposing  that  a 
particle  of  electricity  acted  on  by  both  balls  attracting  it  in 
different  directions,  would  lose  something  of  its  force  in  each, 
as  a  magnet  which  can  just  sustain  a  certain  weight  of  iron, 
can  no  longer  do  so  on  the  approach  of  another  piece. 

'^  I  also  considered,  that,  although  the  balls  nad,  by  being 
deprived  of  their  own  electricity,  acquired  an  increased  attrac- 
tion for  the  surrounding  electricity,  yet  that  each  ball  had, 
in  fact,  lost  part  even  of  its  natural  portion  of  attraction  on 
the  side  adjacent  to  the  other  ball,  because  that  other  had 
lost  its  natural  portion  of  electricity. 

^^  It  is  found  by  experiments  of  Coulomb  and  others,  that 
in  an  elongated  body  electricity  is  most  intense  at  the  ends ; 
and  if  the  body  be  not  very  long,  the  electric  intensity  is 
almost  nothing  at  the  middle  of  it;  and  I  judged  that  the 
two  balls  were  liable  to  the  same  law,  and  should  be  con- 
sidered, while  in  contact,  as  one  body,  with  the  negative  elec- 
tricity accumulated  at  the  remoter  sides,  and  almost  nothing 
at  those  adjacent^  where  it  would  be  nearly  in  its  natural,  and 
consequently  neutral,  state. 

^^  If  then  the  two  adjacent  halves  of  the  balls  be  considered 
in  a  comparatively  neutral  state,  they  ought  to  have  little  more 
attraction  for  the  electricity  of  the  air  on  their  adjacent  sides 
than  they  had  in  their  natural  state  while  the  negative  elec- 
tricity or  deficiency  of  fluid  continually  increases  in  intensity 
towards  the  remoter  sides  of  the  balls,  which  are  consequently 
attracted  with  a  great  excess  offeree  by  the  electricity  of  the 
air  and  other  bodies  on  those  sides." 

I  have  come  to  the  further  conclusion,  that  positive  elec- 
tricity has  no  more  claim  to  the  supposed  quality  of  repulsion 
than  negative  electricity.     We  have  ^^  only  to  transpose  the , 
hypothesis  of  the  recession  of  ilegatively  electrified  bodies 
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from  each  other,  by  substituting  excess  of  electricity  for  excess 
of  matter  in  the  balls,  and  considering  that  excess  of  electri- 
city to  act  upon  the  matter  of  the  air  instead  of  its  electricity." 

I  once  thought  the  recession  of  the  balls  of  the  pith  elec- 
trometer, when  brought  in  their  natural  state  into  an  electrified 
atmosphere,  furnished  an  argument />^r  se  against  repulsion, 
but  I  believe  now  it  may  be  well  explained,  consistently  with 
that  doctrine. 

"  In  considering  this  question  (of  repulsion)  I  have  given 
much  weight  to  the  usual  simplicity  of  natural  operations. 
That  has  induced  me  to  endeavour  to  do  without  two  fluids, 
and  it  has  had  much  to  do  with  making  me  investigate  closely 
the  causes  of  electrical  recession,  and  ultimately  to  reject 
repulsion  altogether,  as  a  cause  of  it.  The  fact  that  electrmed 
clouds  are  not  rapidly  scattered  in  every  direction,  had  also 
much  influence  in  leading  me  to  the  latter  conclusion. 

'^  I  suppose  it  will  be  admitted,  that  if  there  be  repulsion, 
the  electrical  atmosphere,  Uke  the  common  air  (or  the  repul- 
sive influence,  supposing  electricity  to  be  a  liquid),  is  most 
intense  at  the  surface  of  the  body  with  which  it  is  in  contact, 
and  consequently  that  the  power  of  repulsion  is  greater  at  the 
circumference  of  a  Lieyden  jar  than  at  the  centre.  If  so,  a 
ball  suspended  in  the  jar,  both  being  similarly  electrified, 
ought,  according  to  the  theory  of  repulsion,  to  be  repelled  in 
every  direction  horizontally  firom  the  sides  of  the  jar ;  and  if 
compelled  to  move  towards  one  side,  ought  instantly,  when 
left  at  liberty,  to  fly  back  to  the  centre  of  it,  because  the  power 
of  repulsion  would  in  such  case  be  exercised  by  the  side  to 
which  the  ball  approached  in  an  increased  degree,  and  by  that 
from  which  it  receded  in  a  diminished  degree.  I'his  repulsion 
towards  the  centre  being  found  not  to  happen,  seems  a  con- 
vincing proof  that  there  is  no  power  of  repulsion. 

"  The  ball  will  in  fact  remain  in  any  part  of  the  jar  while  it 
is  electrified  in  the  same  degree  with  the  circumference,  the 
small  quantity  of  air  in  the  centre  being  unable  to  exert  a 
sufficient  attraction  on  its  electricity  to  draw  it  there."  I 
have  long  contemplated  repeating  this  experiment  with  a  large 
coated  cylinder  of  air,  the  coatings  being  insulated  and  the 
outer  one  charged  positively  by  a  powerful  machine,  so  that 
the  inner  coating  should  at  the  same  time  assume  the  positive 
state  with  reference  to  the  central  air,  but  have  not  yet  been 
able  to  attempt  to  do  sa 

'*  I  would  now  refer  to  the  Treatise  on  Electricity,  published 
by  the  Society  for  the  Diffusion  of  Useful  Knowledge,  ch.  5, 
p.  20,  s.  75,  et  seq.  In  s.  77  it  is  said,  with  respect  to  a  sphere, 
that '  the  whole  of  the  fluid  is  in  consequence  of  the  repulsion 
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<rf  itd  own  particles  which '  is  every  where  directed  from  the 
centre  outwards^  accumulated  in  a  thin  stratum  at  the  very 
surface  of  the  sphere/  This  is  directly  affirming  that  the 
whole  of  the  fluid  is  at  the  surface^  even  the  ^  very  surfGice '  of 
the  sphere  and  that  being  '  at  the  surface '  it  exerts  its  power 
of  repulsion  ^from  the  centre*  and  that  on  Hts  own  particles.  * 
It  is  affirming  that  a  power  of  repulsion  is  exited  from  ct 
centre  and  then  concluding  therefrom  that  the  very  seat  and 
vehicle  of  that  power  is  thereby  removed  altogether  as  far  as 
it  can  go  from  that  centre.  It  is  in  effect  to  affirm  that  the 
thing  supported  is  its  own  support  In  s.  75,  it  is  said  that 
*  a  metallic  conductor  in  the  form  of  a  globe  or  cylinder  con- 
tains just  as  much  electricity  when  hollow  as  it  does  when 
solid.*  Here  there  can  be  no  centre  to  contain  the  electricity 
which  should  repel  that  to  the  surface  which  is  there. 

^^  From  all  the  views  I  have  taken  of  the  subject  I  am 
irresistibly  brought  to  the  conclusion,  that  however  intense 
the  ^electricity  may  be  at  the  surface  of  a  solid  conducting  . 
body  it  must  be  as  much  so  all  the  way  to  the  centre  if  there 
be  repulsion. 

**  If  attraction  only,  I  can  easily  conceive  the  attraction  of 
the  atmosphere  overcoming  the  attraction  of  the  body  and 
drawing  all  its  surplus  electricity  to  the  surface. 

"  The  experiments  of  Coulomb  mentioned  in  s.  79,  upon  a 
conducting  body  having  pits  and  depressions  in  its  surface, 
also  confirm  my  ideas.  If  there  be  repulsion,  the  bottoms  of 
those  pits  and  depressions  (where  Coulomb's  delicate  proof 
plane  and  torsion  balance  showed  no  signs  of  electricity)  ought 
to  have  had  at  least  as  much  fluid  as  the  extreme  surface  being 
nearer  the  centre  of  the  body. 

*^  In  order  to  repel  the  electricity  from  entering  those  pita 
and  depressions,  surely  there  ought  to  have  been  electricity 
of  at  least  an  equal  intensity  in  those  pits  and  depressions." 

A  film  of  electricity  may  be  imparted  to  the  lining  of  a 
Leyden  phial  of  40  or  50  or  perhaps  100  times  as  many  strata 
deep  as  to  the  prime  conductor,  with  which  it  is  in  intimate 
communication.*  How  is  it  possible  to  explain  this  con-< 
sistently  with  a  power  of  repulsion  ?  Is  it  not  a  self-evident 
refiitation  of  that  doctrine  ? 

It  seems  very  surprising  to  me  how  tenacious  philosophers 
have  been  of  the  strange  andhypothetical  doctrine  of  repulsion; 
a  doctrine  which  has  never  yet  been  satisfactorily  established 
as  existing  in  any  one  instance  in  nature.     In  every  supposed 

*  I  shall  endeavour  to  give  an  explanation  of  this  singular 
phenomenon  in  some  future  paper. 
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instance  of  repulsion  there  are  quite  as  satisfiKstory  reasons  to 
be  given  for  tke  phenomena  upon  the  principle  of  attraction. 

Newton  has  taught  us  a  rule  not  to  admit  more  causes  in 
explaining  natural  phenomena  than  are  necessary ;  and  yet 
philosophers  either  assume  a  second  electrical  fluid  or  a  new 
power^  that  of  repulsion  in  one  fluids  to  cut  a  knot  which  is  as 
easily  untied  by  the  one  undeniable  fluids  and  its  one  undeniable 
power^  attraction,  for  other  bodies. 

What  is  the  reason  for  assuming  repulsion  of  positive  elec- 
tricity ?  The  recession  of  two  positively  electrified  bodies  fix)m 
each  other.  If  that  be  a  sufficient  reason  why  is  it  not  equally 
cogent  to  say  that  two  negatively  electrified  bodies  recede 
from  each  other  and  therefore  negative  electricity  (whatever  it 
be,  an  entity  or  a  non-entity)  has  a  power  of  repulsion? 

Those  who  cannot  admit  two  fluids  see  well  enough  the 
conclusion,  cannot  be  sustained  as  to  negative  electricity,  and 
ought  therefore  to  resign  at  once  the  assertions  of  the>repuLsion 
of  positively  electrified  bodies,  seeing  it  stands  on  no  better, 
nor  indeed  on  any  other,  foundation. 

They  consequently  ought  to  adopt  the  word  recession  (as 
it  expresses  the  eflect  without  implying  any  particular  cause) 
in  liea  of  repulsion  which  assumes  every  thing  without  the 
shadow  of  support  from  either  fact  or  argument. 

The  following  propositions  may  perchance  be  found  to  be 
consistent  with  all  electrical  phenomena,  particularly  this  of 
electrical  recession.  I  shall  endeavour  to  illustrate  them  so 
far  as  they  relate  to  that  point  m  a  third  paper  accompanied 
by  diagrams. 

My  present  opinions  are 

1.     "  That  there  is  one  fluid  only. 

2«     *^  That  that  fluid  possesses  homogeneous  attraction. 

3.  ^^  That  it  most  commonly  exists  in  the  state  of  a  liquid* 

4.  *^  That  it  exists  in  contact  with  all  bodies. 

5.  *^  That  it  so  exists  by  exerting  an  attractive  influence 
on  bodies. 

6.  ^'  That  the  electricity  in  contact  with  one  body  exerts 
an  attractive  influence  on  the  different  matter  of  adjacent 
bodies. 

7.  '^  That  bodies  of  difiereut  natures  have  different  affini- 
ties for  electricity. 

8.  ^^  That  when  the  quantity  of  electricity  in  a  body  and 
the  bodies  surrounding  it  is  in  proportion  to  their  attractive 
influence,  the  electricity  is  inactive  or  in  equilibrio. 

9.  ^^  That  when  electricity  is  added  to  a  body,  increased 
attractive  influence  is  exerted  between  the  electricity  of  that 
body  and  the  adjacent  bodies  themselves. 
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10.  '*  That  when  electricity  is  so  added  to  a  body,  the 
attraction  of  that  body  itself  for  the  electricity  of  adjacent 
bodies  is  diminished. 

11.  "  That  when  electricity  is  abstracted  from  a  body, 
increased  attractive  influence  is  exerted  between  the  body 
itself  and  the  electricity  of  the  adjacent  bodies. 

12.  '^  That  when  electricity  is  so  abstracted  from  a  body, 
the  total  amount  of  attraction,  before  exercised  by  its  elec- 
tricity on  the  adjacent  bodies,  is  diminished. 

13.  *^  That  when  the  electricity  of  theadjacent  bodies  is  (as 
in  proposition  11)  called  upon  to  exert  an  increased  attractive 
influence  in  one  direction  only,  its  ordinary  attractive  influence 
is  lessened  in  other  directions  and  for  the  body  with  which  it 
coheres,  and  vice  vers^ 

14.  *^  The  like  of  the  adjacent  body  itself,  or,  that  when 
an  adjacent  body  is  called  upon  (as  in  proposition  9)  to  exert 
an  increased  attractive  influence  in  one  direction  only,  its 
ordinary  attractive  influence  is  lessened  in  other  directions 
and  for  the  electricity  cohering  with  it,  and  vice  versi. 

15.  That  the  equilibrium  being  destroyed  by  added  elec- 
tricity, every  adjacent  particle  of  matter  acquires  a  tendency 
to  part  with  its  electricity  to  particles  of  matter  more  remote 
from  the  electrified  body  and  to  attract  electricity  from  par- 
ticles of  matter  nearer  to  that  body. 

16.  ^^  The  converse  if  the  equilibrium  be  destroyed  by 
abstraction  of  electricity. " 

17.  That  one  cause  of  conduction  is  the  excess  of  the 
attraction  of  the  electricity  for  the  conducting  body  over  its 
homogeneous  attraction. 

18.  That  one  cause  of  non-conduction  is  the  excess  of  the 
homogeneous  attraction  of  electricity  over  its  attraction  for 
the  non-conducting  body. 


XXII.  Organic  Chemistry.  Report  on  a  memoir  by  M. 
Fremy,  relative  to  the  modifications  that  tartaric  and 
paratarfaric  a^id  experience  from  heat* 

MM.  Robiquet,  Pelouze,  and  myself  have  been  appointed 
by  the  Academy  to  report  upon  M.  Fremy's  memoir,  the 
object  of  which  is  the  examination  of  the  modifications 
experienced  by  tartaric  and  paratartaric  acids  when  exposed 
to  a  great  heat,  although  incapable  of  converting  them  into 

♦  From  the  Compte  Rendu  Hebdomadair  des  Stances  de  I'Aca- 
demie  des  Sciences.  April  30, 1838.  Translated  by  Mr.  J.H.  Lang, 
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products  properly  called  pyrogenic.  M.  Braconnet  had  re- 
marked that  tartaric  acid  subjected  to  fusion  changes  its 
property :  M.  Fremy  wished  to  prove,  and  discover  the  cause 
of  this  fact,  and  has  arrived  at  some  very  interesting  results ;  a 

{'ust  recompense  for  the  long  work  to  which  he  has  devoted 
umself. 

The  nature  of  oyxgenic  acids  may  be  explained  by  two 
theories,  which  probably  are  both  true,  but  which  will  each 
apply  only  to  a  certain  number  of  these  bodies.  One  of  these 
theories,  that  which  is  almost  universally  admitted,  consists 
of  regarding  them  as  distinct  bodies,  of  real  oxygenic  acids, 
which  unite  with  water  or  bases  to  form  salts.  The  other 
takes  no  account  of  thiese  acids  when  they  are  anhydrous :  it 
considers  them  when  they  are  hydrated,  as  hydracids,  and 
looks  upon  their  salts  as  bodies  analogous  to  chlorures. 

These  two  theories  are  opposed  in  the  most  direct  manner 
concerning  the  nature  of  the  tartaric  acid ;  for  one  of  them, 
that  which  considers  the  tartaric  acid  as  an  oxacid,  is  incom- 
patible with  the  analysis  of  the  anhydrous  emetic,  and  if  from 
the  composition  of  this  body  we  would  regard  the  tartaric 
acid  as  an  hydracid,  we  experience  some  difficulty  at  first 
starting  to  account  for  the  results  observed  by  M.  Fremy. 
They  are  in  fact  much  more  easy  to  explain  by  regarding  the 
tartaric  acid  as  an  oxacid. 

We  will  now  take  a  survey  of  these  results. 

M.  Fremy  discovered  the  body  which,  in  generally  admitted 
ideas,  ought  to  bear  the  name  of  anhydrous  tartaric  acid. 

He  obtaiped  it  with  the  greatest  facility,  for  it  was  only 
necessary  to  expose  the  tartaric  acid  to  the  action  of  heat  in 
a  vessel.  The  acid  dissolves,  loses  some  water,  finishes  by 
pufiing  itself  up,  and  leaves  a  spongy  mass  which  chiefly 
consists  of  anhydrous  tartaric  acid,  so  little  soluble  in  water 
that  it  might  be  separated  by  the  assistance  of  this  solvent  of 
the  parts  of  the  tartatic  acid  incompletely  deprived  of  water. 

0.467  of  anhydrous  tartaric  acid  prepared  by  M.  Fremy, 
under  the  inspection  of  your  reporter,  gave  when  analysed 
0.626  carbonic  acid  and  0.139  water,  whence  we  have 

Calculation.  Experiment 

Carbon  .  .  306  .  .  36,8  .  .  37.0 
Hydrogen  .  25  .  .  3.0  .  .  3.3 
Oxygen    .     .     5Q0    .    ..     60.2     .     .     59.7 

831  100.0  100.0 

Thus  the  body  described  by  M.  Fremy,  under  the  name  of 
anhydrous  tartaric  acid,  possesses  the  properties  and  composi- 
tion that  he  assigns  to  it. 
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We  know  that  besides  the  tartaric  there  is  also  smother 
acid  which  has  been  successively  called  racemic  and  para- 
tartaric,  and  which  in  fact  possesses  in  its  salts  the  exact 
composition  of  the  tartaric  acid.  In  aU  destructive  reactions 
the  tartaric  and  recemic  acid  act  in  the  same  manner^  so  that 
at  present  nothing  can  enlighten  us  on  the  differences  which 
may  exist  between  the  two,  with  regard  to  their  rational  form. 

M.  Fremy  is  about  to  submit  the  paratartaric  acid  to  the 
same  treatment  that  produced  him  the  anhydrous  tartaric 
acid.  We  might  hope  that  on  this  occasion^  some  di&rence 
would  be  manifested  between  these  two  bodies. 

There  has  been  nothing.  The  paratartaric  acted  as  the 
tartaric  acid  and  produced  an  analogous  body  which  we  were 
obliged  to  designate  with  the  name  of  anhydrous  paratartaric 
acid.  This  circumstance  appeared,  to  your  reporter,  so 
much  to  merit  attention  that  he  thought  it  necessary  to 
multiply  the  verifications^  as  far  as  concerns  the  compositions 
of  the  anhydrous  paratartaric  acid. 

I.  0.317  gave  0.092  water  and  0.425  carbonic  acid; 
IT.  0.500  „  0.150  „  „  0.670  „  „  ; 
III.  0.332     „  „      „     0.447        „        „     ; 

which  would  produce  in  hundredths^ 

1,  II.  III. 

Carbon    .     .     37.0  .  .  37.0  .  .  37.2 

/  Hydrogen     .       3.2  .  .      3.3  .  .  „ 

Oxygen    .     .     59.8  .  .  59.7  .  .  „ 


100.0  loo.a 
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These  three  analyses  perfectly  agreeing  with  those  of  M. 
Fremy,  leave  not  the  slightest  doubt  of  the  existence  of  an 
imhyc&ous  paratartaric  acid  compounded  exactly  like  the 
anhydrous  tartaric  acid  itself. 

Besides  these  two  facts,  remarkable  in  themselves  and 
above  all  on  account  of  the  two  acids  that  have  furnished 
them,  M.  Fremy  has  discovered  two  others  which,  by  their 
novelty,  have  strongly  fixed  the  attention  of  chemists  who 
labour  at  the  development  of  organic  chemistry. 

In  fact,  it  is  not  anhydrous  tartaric  acid  that  is  produced 
immediately  on  the  dissolution  of  the  tartaric  acid.  Before 
passing  to  this  state  the  common  tartaric  acid  gives  rise  to 
two  intermediate  products,  of  great  interest  for  theory.  The 
first  is  tartralic,  the  second  M.  Fremy's  tartrelic  acid. 

The  tartralic  acid  is  produced  by  tartaric  acid  which,  instead 
of  saturating  two  atoms  of  base,  only  saturated  %  atoms. 
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The  tartrelic  acid  is  produced  in  its  turn  by  tartaric  licid 
wluch  would  only  saturate  a  single  atom  of  base. 

So  that  from  the  most  probable  formula  for  the  tartaric 
acid 

C»«  H«  O^^  2H^  O  or  C^«  H^*  O^^ 

we  see  that  the  three  products  on  which  it  acts  would  be 
represented  in  the  following  manner,  in  their  respective  salts 
of  lead : 

Ci«H8  O'^  2PbO     .     .     Tartrate 
CitfRs  O^   iPbO     .     .     Tartralite 
C16H8  O^     PbO     .     .     Tartrelate. 

Thus  M.  Fremy  was  convinced  that  in  proportion  as  the 
tartaric  acid  loses  its  water,  it  gives  rise  successively  to 
bodies  which  combine  with  smaller  quantities  of  base  and 
whioh  assume  the  state  of  salt,  with  quantities  of  base  equiva- 
lent to  the  proportions  of  water  they  nave  preserved. 

These  modifications  remind  us  of  those  which  have  been 
with  so  much  truth  assigned  by  M.  Graham,  as  the  cuases  of 
the  variations  that  phosphoric  acid  and  the  phosphates  expe- 
rience by  the  action  of  heat. 

The  author  is  convinced  that  the  tartralic'and  tartrelic 
acids  easily  return  to  the  state  of  tartaric  acid. 

Yom*  reporter  has  proved  the  analysis  of  the  tartralate  of 
lead.  The  salt  subjected  to  experiment  was  enclosed  with 
tartrelate,  which  is  with  difficulty  avoided ;  but  it  has  given, 
besides,  for  the  analysis  of  anhydrous  acid,  results  conformably 
to  those  of  M.  Fremy. 

Hence  we  have  from  the  labour  of  M.  Fremy,  that  tartaric 
acid  may  lose  water,  by  pasmng  through  modifications 
analogous  to  those  of  phosphoric  acid,  until  it  arrives  at  the 
state  of  anhydrous  tartaric  acid.  The  paratartaric  acid  is  in 
the  same  case. 

We  would  have  wished  that  the  two  anhydrous  acids  on 
which  he  has  operated  had  been  submitted  to  the  action  of  the 
bromine  or  of  chlorine ;  that  some  experiments  of  this  kind 
had  been  tried  equally  on  the  hydrated  tartaric  and  paratar- 
taric acids ;  but  M.  Fremy  may  do  this  hereafter. 

M.  Fremy  has  indeed  introduced  a  new  view  into  the  study 
of  organic  acids,  and  which  belongs  entirely  to  him.  He 
appears  at  first  sight  to  have  solved  the  question  regarding 
their  nature,  since  by  discovering  the  anhydrous  tartaric  acid 
he  seemed  to  place  out  of  doubt  the  real  formula  of  this  acid 
in  the  hydrated  state :  but  with  a  little  attention,  we  perceive 
these  new  results  to  be  easily  explained  when  we  consider  the 
tartaric  acid  as  an  hydracid. 

L2 
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In  fact,  in  proportion  as  the  tartaric  acid  loses  water,  it 
gives  rise  to  products  whose  capacity  for  saturation  constantly 
diminishes  until  it  becomes  nothing;  for  the  anhydrous 
tartaric  acid  is  no  longer  an  acid ;  and  between  this  product 
and  the  tartrelic  acid  there  are  formed  also  other  substances 
whose  capacity  for  saturation  is  le^s  than  that  of  the  tartrelic 
acid  itself^  and  whose  study  deserves  all  the  attention  of  the 
author. 

Hence  we  may  consider  tartaric  acid  and  M.  Fremy's  new 
acids  as  so  many  distinct  hydracids. 

As  for  the  anhydrous  tartaric  acid,  it  would  be  a  product  of 
decomposition,  but  not  an  acid  by  itself. 

Be  it  as  it  may  from  these  theoretical  views,  necessarily 
presented  to  prove  that  the  researches  of  M.  Fremy  in  no 
way  destroy  the  results  given  by  the  emetic  analysis,  it  is 
clear  that  his  labour  deserves  all  the  approbation  of  the 
Academy,  by  the  novelty  of  the  facts,  their  importance, 
correctness,  and  the  excellent  spirit  in  which  they  have  been 
discussed. 

We  have,  therefore,  the  honour  of  proposing  to  the  Academy, 
to  decide  that  M.  Fremy's  memoir  be  printed  in  the  collection 
of  *^  Savans  ^trangers.^^ 

The  conclusions  of  this  report  are  adopted. 

XXIII.     Organic  Chemistry,     On  new  products  extracted 

from  Salicine.   By  M.  Piria.* 

M.  Dumas  presents  to  the  Academy  some  products  recently 
produced  in  his  laboratory  and  under  his  own  inspection,  by 
M.  Piria,  a  young  Neapolitan  chemist.  These  products  will 
hereafter  give  place  to  the  reading  of  a  developed  memoir. 

I  much  regret,  says  M.  Dumas,  that  the  customs  of  the 
Academy  do  not  permit  M.  Piria  himself  to  present  the 
observations  that  I  am  about  to  have  the  honour  of  submitting 
for  him  in  his  name.  But  the  importance  of  the  facts  that 
he  has  observed  will  justify  his  desire  of  giving  them  a  prompt 
publicity. 

M.  Piria,  who  is  occupied  in  the  study  of  salicine  with  the 
greatest  care,  having  submitted  this  substance  to  the  action 
of  sulphuric  acid  and  chromate  of  potassa,  obtained  from  it, 
besides  the  ordinary  acid  which  is  produced  in  such  a  case,  a 
new  oily  product,  perfectly  comparable  to  an  essential  oil,  and 
too  plentiful  to  be  regarded  as  an  accidental  matter. 

*  From  the  Compte  Rendu  Hebdomadair  des  Seances  de  I'Aca- 
demie  des  Sciences,  April  30, 1838.  Translated  by  Mr.  J.  H.  Lang. 
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This  oil  subjected  to  analysis,  presents  exactly  the  same 
composition  as  the  hydrated  benzoic  acid.  It  has  the  same 
density  as  this  body  in  a  state  of  vapour. 

So  far  it  is  only  a  case  of  isomeria.  of  which  we  have  ob- 
served  so  many  in  organic  chemistry. 

This  isomeria  goes  on  further;  for  if  we  form  it  of  a  com- 
1)ination  of  new  oil^  with  the  oxide  of  copper,  we  find  that  it 
is  represented  in  this  case  by  the  same  formula  as  the  anhy- 
drous benzoic  acid  which  is  met  with  in  salts. 

But  as  soon  as  the  oil  in  question  is  submitted  to  the  action 
of  chlorure,  a  production  of  chlorhydric  acid  is  obtained,  and 
at  the  same  time  the  formation  of  a  product  crystallized  in 
beautiful  colourless  flakes. 

Bromine  acts  in  the  same  manner.*  In  both  cases  there 
is  a  loss  of  two  atoms  of  hydrogen^  replaced  by  two  atoms  of 
ehlorure  or  of  bromine. 

Hence  we  have 

C28  Hia  O^  oil 

Q28  jjio  Qi^2  compound  chlorure 

Q28  jjio  Bj.2  compound  bromine. 

These  results  so  clearly  remind  us  of  those  which  M.  M . 
Lifebig  and  Vohler,  obtained  when  acting  on  the  oil  of  bitter 
almonds^  that  we  are  led  to  represent  them  in  an  aualagoiis 
manner. 

Hence  the  new  oil  becomes 

C28  jjio  O^  salicyle,  hypothetic  root 
C^  W^  O^  W  hydrure  of  salicyle  oil 
C23  H»o  O^  Ch^  chlorure  of  saUcyle 
C»  H»«  Of  Br^  bromure  of  salicyle. 

Which  fully  confirms  this  view  of  the  subject,  viz.,  that  the 
hydrure  of  salicyle  combines  with  the  baryte,  and  forms  a 
compound  which  is  represented  by 

C28  H12  0\  Ba  O,  H*  O ; 

desiccated  in  a  current  of  dry  air  at  160°,  this  body  not  only 
loses  the  atom  of  water  it  encloses,  but  also  another  atom  of 
water,  thus  leaving  a  real  salicylure  of  barium 

Cas  jiio  04  Ba. 

The  hydrure  of  salicyle  combines  in  the  same  manner  with 
potassium ;  thus  producing  a  salt  which  crystallizes  in  beau- 
tiful and  large  flakes  of  a  gold  colour.  The  analysis  of  this 
product  agrees  with  that  of  the  preceding. 

It  equally  unites  with  ammonia,  &c. 
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If  we  subject  the  chlorure  of  salicyle  to  cold,  by  the  potas- 
siunij  the  two  bodies  combine  and  form  a  real  soluble  salt, 
whose  acids  precipitate  the  chlorure  untouched. 

The  substance  of  the  facts  observed  by  M.  Piria  is  re|ire- 
sented  by  so  simple  a  supposition^  that  it  apgems  to  me  worthy 
of  some  attention. 

I  have  looked  upon  the  benzoic  as  a  body  susceptible  of 
being  represented  by  a  carbure  of  oxided  hydrogen. 

This  carbure  of  hydrogen,  uniting  with  two  atoms  of  oxyg^i, 
would  hence  furnish  a  root,  the  benzoic. 

It  is  the  same  carbure  of  hydrogen,  which,  uniting  with 
four  atoms  of  oxygen,  would  produce  a  new  root,  the  salicyle. 

It  is  difficult  not  to  be  tempted  to  compare  the  root  C^  H'® 
with  the  azote  itself,  and  we  should  then  have  the  fdlowing 
series: 

Az*   €^Hio 

Az8  0« C2«Hio02 

Az^O^ C2«ff«0^+0 

Az^O^ C^sff^O* 

Az^O' „ 

For  the  remainder,  seethe  results  of  the  analysis  of  M.  Piriai 

Hydrure  of  Salicyle. 

Two  analyses  of  this  substance  hav£  furnished  the  following 
'  numbers : 

I.  0^  445  hydrore  of  salicyle 

0, 195  water H=  4,8, 

1 ,  117  carbonic  acid .  . . .   C  :;r69,4. 

II.  0^  474  hydrure  of  salicyle 

0,209  water Hz=  4,89, 

1, 185  carbonic  acid. . . .   C  :z:69,ll. 

By  calculation  we  should  obtain  the  same  numbers : 

C«8 1071,2 69,3 

W^ 74,9 4,8 

O^    ,     400,0 


1546,1 

The  following  are  the  data  relative  to  the  dsmity  of  the 
vapour  of  this  substance : 
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Kxcess  of  weight  of  the  ballooti  full  of  vapaut  over  one 

fiillofair 0«421 

Capacity  of  the  balloon,  c.  oub 233 

Temperature  of  the  vapour 230 

[Barometer 0>n,764 

Atmospheric  temperature       .         .        .        ■.         .13 
Air  remaining  in  the  balloon  ....     0,0 

Density  of  the  vapour 4.276 

We  should  have  the  following  numbers  by  calculation : 

7  volume  steam  carbon =  2.9512 

3     „      hydrogen =  0.2064 

1      „      oxygen =  1.1026 

Calculated  density  ....  z=z  4.2602 

This  density^  it  may  be  perceived^  agrees  with  that  which 
M .  Mitscherlick  aJid  myself  found  for  benzoic  acid. 

AnAydrotcs  salicylure  of  copper. 

We  have  made  the  analysis  of  ^  basic  sialicylure  of  copper^ 
to  have  a  neat  result  with  regard  to  the  elementary  composition 
0f  salicyle  and  have  obtain^  the  following  numbers: 

0,827  salicyle  combined  with  -copper 

0,135  water H=  4,5 

0,877  carbonic  acid    ............  C  =74,2 

By  calculating  the  composition  of  salieyle,  we  should  have: 

C^ 1071.2  74,7 

H»o  ......       62.4 4,3 

Q^ 400.0 

Salicylure  of  barium. 

This  salt  is  easily  obtained  neutral  and  anhydrated,  and 
deserves  the  preference  for  fixing  the  atomic  weights  of  the 
salicyle. 

1.237  salt  dried  at  the  ordinary  temperature  in  vacuo,  has 
experienced 

O.l  10  loss,  after  having  been  dried  in  a  current  of  dry  air  at 
160°.     This  loss  answers  to  8,8  p  100,  ot  to  2  atoms. 

0,522  saltdriedat  the  ordinary  temperature  in  vacuo  has  given 

0,292  sulphate  of  baryte. 


/ 
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By  calculation  we  should  have  in  these  two  cases : 

C28    1071,2 

H»«    62,4 

Exper.  O^     300,0 

Baryte.  .36,7. .     BO 956,9    36,6 

Water. .   8,8. .  2WO 224,9      8,6 

2615,4 

We  have  tried  the  elementary  analysis  of  this  same  salicylure 
of  barium  and  we  have,  as  in  all  these  analogies,  had  less  car- 
bon than  was  necessary. 

0,595  salt  dried  at  190*  in  a  current  of  dry  air, 
0,934  carbonic  acid. 

Exper.  Calcalation. 

C  =  43,4 C^  1071,2    44,8 

H^» 62,4 

O^  400,0 

Ba  856,9 

2390,5 

Chlorure  of  Salicyle. 

This  product  has  been  analysed  with  care  and  has  given 
the  following  results : 

I.  0,645  chlorure  of  salicyle 
0,591       „       of  silver 

II.  0,456  chlorure  of  salicyle 
0,133  water 

0,892  carbonic  acid 

Whence  we  have  the  following  numbers: 

Carbon  ....  54,1  ... .  C*®'. . .  •  1071,2  54,2 
Hydrogen..    3,2  . . . .  ff «  . . . .      62,4    3,1 

O*       . .    400  0 
Chlorure    . .  22,6  . . . .  Cy  .' ! !!    442^6  22,4 

Bromure  ofSalycyle. 

We  have  made  several  analyses : 

I.  0,582  bromure  of  salicyle 
0,539       „        of  silver 

II.  0,400  bromure  of  salicyle 
0,089  water 
0,608  carbonic  acid 
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.   Whence  we  obtain  the  following  numbers : 

C  z=  42,05 C28 1071.2  42.6 

H  zn    2,47 H»o 62.4  2.4 

O^  400.0 

Br  r=  38,88 Br^ 978.3  38.9 


2511.9 

M.  Piria  continues  his  experiments ;  their  object  is  to  put 
out  of  doubt  the  exact  proportion  of  hydrogen  contained  in 
his  products,  for  that  is  the  only  element  on  which  he  can  have 
any  correction  to  fear. 

Admitting  that  these  analyses  are  confirmed  by  new  proofs, 
it  remains  to  find  the  means  of  passing  from  the  benzoic  to 
the  salicyle  and  reciprocally.  This  will  necessarily  be  the 
object  of  numerous  attempts  on  the  part  of  this  young  chemist. 

XXIV.  Answer  to  Mr.  Harper's  Queries  at  page  466, 
of  the  Annals  for  June,  1838.  By  J.  P.  Simon,  M.'D. 
Member  of  the  Royal  College  of  Surgeons ,  London. 

Mr.  EditOT, 
In  answer  to  Mr.  J.  Harper's  queries  respecting  some  elec- 
trical theories,  I  beg  to  submit  it  as  my  opinion,  that  the 
outside  coating  of  a  Leyden  jar  becomes  negatively  charged 
with  an  equivalent  charge  to  that  of  its  inside  coating,  not 
because  glass  is  a  conductor  or  a  non-conductor  of  the  electric 
fluid,  but  simply  by  induction,  as  it  is  impossible  to  collect  or 
accumulate  either  fluid  (positive  or  negative)  without  inducing 
the  presence  of  the  other  on  the  opposite  side ;  and  in  the 
same  manner  the  pith  balls  put  in  motion  by  a  chain  from  the 
prime  conductor  of  the  machine  communicating  with  an  in- 
verted tumbler  inclosing  the  pith  balls,  are  put  in  motion  by 
the  opposite  fluid  thus  excited  on  its  interior  by  induction ; 
and  if  Mr.  Harper  will  repeat  his  experiment,  and  try  what 
kind  of  electricity  will  be  in  the  inside  of  the  tumbler  (by 
means  of  Bennett's  gold  leaf  electrometer  and  a  stick  of  sealing 
wax)  exciting  the  balls,  he  will  find  it  charged  with  negative 
electricity,  unless  the  chain  emanates  from  the  negative  part 
of  the  machine.  Under  such  circumstances  he  would  find  the 
outside  of  the  tumbler  charged  with  positive  electricity, 
although  glass  be  said  to  be  an  electric  or  non-conductor ;  it 
nevertheless  receives  and  retains  either  fluid  brought  in  contact 
with  it  in  proportion  to  the  dryness  of  it,  and  to  the  state  of 
,the  atmosphere  at  the  time  of  the  experiment :  and  it  is  a 
curious  fact  that  no  matter  how  moist  the  interior  of  the  glass 


142      Mr.  Simon's  tmswer  to  Mr.  Harper^s  queries. 

may  be,  provided  the  whole  of  the  exterior  be  perfectly  dry, 
and  in  a  dry  atmosphere,  the  opposite  fluid  excited  by  in- 
duction, in  virtue  of  the  presence  of  the  other,  will  make  no 
attempt  to  leave  the  surface;  and  in  the  same  manner  may  be 
accounted,  why  a  jar  Ailly  charged  may  be  handled  without 
communicating  the  slightest  electric  sensation,  although  we 
know  that  its  outside  coating  possesses  a  charge  of  the  opposite 
kind  equal  in  strength  to  that  of  its  interior. 

The  reason  why  the  sparks  do  not  make  their  appearance 
on  iiie  outside  of  the  spotted  jar  whilst  in  communication 
with  unspotted  jars  (or  battery)  in  the  act  of  char^g  is 
simply  owing  to  the  modified  descent  of  the  fluid  into  it,  and 
the  uncoated  portions  of  its  outside  become  sufficiently  good 
conductors  (owing  to  the  moisture  always  present  on  glass)  to 
conduct  slowly  and  invisibly  the  superabundant  fluid  from 
every  coated  spot  to  coated  spot,  w^ich  is  also  favoured  by  its 
being  placed  in  an  atmosphere  of  one  kind  of  electric  effluvia 
Immght  there  from  the  general  reservoir  (the  earth);  if,  on  the 
other  hand,  the  jar  be  spotted  on  both  sides,  the  sparks  will 
of  course  appear  on  both  sides  but  not  near  so  quickly  as  it 
would,  were  it  charged  alone.  The  divided  stream  coming 
from  the  machine  first  charges  the  lower  spots,  which  giving 
up  their  superabundant  quantity  to  the  upper  ones,  the  sparks 
then  appear  suddenly  and  a  cprresponding  discharge  takes 
place  on  the  outside  coating.  I  may  be  labouring  under  some 
ooistaike,  but,  Mr.  Editor,  such  are  my  views  of  the  matter,  and 
if  you  think  they  will  be  calculated  to  convey  any  kind  of 
information  to  your  numerous  readers,  no  matter  how  trifling, 
you  will  perhaps  insert  this  letter. 

I  remain,  deiff  Sir, 
Your  very  humble  and  obedient  servant, 

J.  P.  SIMON. 
4,  Bernard  Street,  Soutbamptan, 
July  3,  1838. 

F.  S.  I  hope,  Mr.  Editor,  that  I  shall  not  be  laudbed  at, 
for  stating  it  as  my  opinion  that  we  are  more  indebted  to  the 
CRJSATOR  of  all  things  than  certain  philosophers  are  disposed 
to  admit,  for  the  wonderful  results  of  our  humble  philosophical 
researches,  and  that  we  are  aided  in  them  by  nature's  own 
work;  for  instance,  I  do  not  think  that  when  we  turn  our 
machines  that  we  excite  and  accumulate  the  two  fluids,  (vie : 
the  positive  and  the  negative,  for  I  have  always  been  for  the 
theoory  of  the  two)  only  ^^09ie"  is  excited  by  our  mechanical 
effort,  and  the  other  is  instantly  supplied  to  us,  and  without 
effiurt,  from  the  surrounding  atmosphere ;  the  positive  alone 
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(<Hr  vka-eoas  eu  the  French  caU  it)  is  excited  by  the  friction  of 
the  glass  against  the  amalgamated  cushion  and  tiie  negative, 
or  resinous^  is  spontaneously  developed  by  induction  and  in 
equal  proportion  and  that  without  variation ;  in  the  same 
manner,  I  am  of  opinion,  that  from  the  voltaic  battery  never 
but  one  fluid,  viz :  the  positive  is  excited  by  the  chemical 
action  of  the  exciting  liquid  on  the  metals,  the  active  prin- 
ciple, however,  emanating  from  the  zinc  and  the  development 
of  the  negative  influence  is  brought  **  there**  as  a  natural  con- 
sequence and  in  equal  proportion,  by  one  of  the  laws  of  nature, 
that  the  one  cannot  he  excited  without  the  other,  but  only 
one  can  we  excite  by  our  artificial  means,  and  the  other  is 
afforded  to  us  by  nature's  own  work. 

J.R  S- 


XXV.     Chemical  Composition  of  Asses*  Milk. 

From  a  memoir  on  the  chemical  composition  of  asses'  milk, 
by  £.  Peligot,  we  learn  that  this  milk  differs  from  others  in 
the  considerable  proportion  of  sugar  of  milk  which  it  contains^ 
and  that  to  this  we  ought  in  all  probability  to  attribute  its 
medical  properties. 

The  medium  of  16  analyses  given  in  100  partsof  asqes'tnilk, 

Solid  matter  9-53  C  Butter  1  -29 

Water  90-47  ]  Sugar  of  milk  6-29 

fCaseum  1*95 


100- 

The  solid  portion  varied  in  different  specimens  from  7  to 
11  per  cent  of  the  milk. 

The  quality  as  well  as  quantity  of  the  milk  was  found  to 
vary  materially  with  the  food.  Of  four  different  kinds  of 
provender,  beets  were  found  to  yield  a  milk  the  richest  in 
solid  matter-r-next  a  mixture  of  Luzerneand  oats,  then  pota- 
toes, then  carrots.  The  selected  quantities  of  milk  were, 
with 

Boets         .        •  1-500  k 

Oats  and  XfU^erae  1  *500 

Potatoes     .        .  1-250 

Carrote       .        .  1-000 
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Much  depends  also  on  the  time  at  which  the  milk  is  drawn : 
thus,  milk  taken  at  1  hour  and  a  half,  6  hours,  and  24  hours 
after  the  previous  milking,  gave : 

after  1|  houirs.    afler  6  hoars     after  24  hours. ' 

Butter  1-55  1-40     ,       123 

Sugar  of  milk  6-65  6-40  6-03 

Caseum  3-46  1^55  1-01 


Solid  matter  11-66  9*35  8-57 

Water  88  34  90-65  91-43 


100-  100-  100- 

As  this  last  result  is  directly  contrary  to  common  opinion,  the 
experiment  was  repeated  after  a  lapse  of  six  hours  and  of 
twelve  hours  from  the  previous  milking,  and  found  to  coin- 
cide with  the  above. 

But,  on  dividing  the  milk,  obtained  at  the  same  milking, 
into  three  equal  portions,  they  were  found  to  contain, 

Butter  096  102  1-52 

Sugar  6-50  6-48  645 

Caseum  1-76  1-95  2-95 


Solid  matter    9-22  10-45  10-94 

Thus  proving  the  correctness  of  the  common  opinion,  that 
the  strippings  afford  the  richest  milk. 

M*  Pdigot  proved  that  by  giving  to  an  ass  thirty  grains  of 
ioduret  of  potassium  for  six  days,  the  milk  contained  iodine 
at  the  end  of  the  period,  as  was  evident  by  the  action  of  starch 
upon  it,  and  of  a  chloride.  Ten  grammes  of  common  salt 
per  day  was  detected  by  the  taste  of  the  milk,  and  by  analysis. 
A  chloride  given,  five  grains  per  day  to  an  ass,  and  twelve 
grains  to  a  goat,  was  not  discoverable  in  the  milk. 

The  milk  of  an  ass,  to  whom  thirty  grammes  of  bi-carbonate 
of  soda  was  given  for  six  days,  was  very  alkaline  even  when 
first  taken  from  the  udder.  This  experiment  was  repeated 
fifteen  times,  whereas  the  milk  of  the  ass  has  ordinarily  an 
acid  reaction.  G. 

Annales  de  Chemie  et  Phys. 
Jour.  Frank.  Ins. 

XXVI.     Report  on  Professor  Morsb's  EUctro^magnetic 

Telegraph. 

The  Committee  on  Science  and  the  Arts  constituted  by 
the  Franklin  Institute  of  the  State  of  Pennsylvania,  for  the 
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promotion  of  the  Mechanic  Arts,  to  whom  was  referred  for 
examination,  an  Electro-magnetic  Telegraph  invented  by 
Professor  F.  B.  Morse,  of  the  City  of  New  York,  report. 

That  this  instrument  was  exhibited  to  them  in  the  Hall  of 
the  Institute,  and  every  opportunity  given  by  Mr.  Morse  and 
his  associate  Mr:  Alfred  Vail,  to  examine  it  carefully,  and  to 
judge  of  its  operation  ;  and  they  now  present  the  following 
as  the  result  of  their  observations.  ^ 

The  instrument  may  be  briej9y  described  as  follows ; 
1st.     There  is  a  galvanic  battery  of  sixty  pairs  of  plates, 
seven  by  eight  and  a  half  inches  each,  arranged  according  to 
the  very  convenient  plan  devised  by  Professor  Hare,  and  set 
in  action  by  a  solution  of  sulphate  of  copper. 

2d.  The  poles  of  this  battery  can  be  connected,  at  plea^ 
sUre,  with  a  circuit  of  copper  wire,  which,  in  the  experiments 
we  witnessed,  was  ten  miles  in  length.  The  greater  part  of 
the  wire  was  wound  round  two  cylinders,  and  the  coils 
insulated  fi'om  one  another,  by  being  covered  with  cotton 
thread. 

3d.  In  the  middle  of  this  circuit  of  wire, — that  is  at  what 
was  con^dered  virtually  at  a  distance  of  five  miles  from  the 
battery,  was  the  register.  In  this  there  is  an  electro-magnet, 
made  of  a  bar  of  soft  iron  bent  in  the  form  of  a  horse- shoe, 
and  surrounded  by  coils  of  the  wire  which  form  the  circuit. 
The  keeper  of  this  magnet  is  at  the  short  arm  of  a  bent  lever, 
at  the  end  of  the  longer  arm  of  which  is  a  fountsdn-pen. 
When  the  keeper  is  drawn  against  the  magnet,  the  pen 
comes  in  contact  with  a  roll  of  paper  wound  around  a  cylinder, 
aud  makes  a  mark  with  ink  upon  this  paper.  While  the 
telegraph  is  in  operation,  the  cylinder  which  carries  the 
paper,  is  made  to  revolve  slowly  upon  its  axis,  by  an  appara- 
tus like  the  kitchen  jack,  and  is  at  the  same  time  moved 
forward  so  that  the  pen  if  constantly  in  contact  with  the 
p^er  would  describe  a  spiral  or  helix  upon  its  surface. 

4th.  Near  the  battery,  at  one  of  the  stations,  there  is  an 
interruption  in  the  circuit,  the  ends  of  the  separated  wire 
eutering  into  two  cups,  near  to  each  other,  containing 
mercury.  Now,  if  a  small  piece  of  bent  wire  be  introduced, 
with  an  end  in  each  cup,  the  circuit  will  be  completed,  the 
electro-magnet  at  the  other  station  will  be  set  in  action,  the 
keeper  will  be  drawn  against  it,  and  the  pen  will  make  a 
mark  upon  the  revolving  paper.  On  the  other  hand,  when 
the  bent  wire  is  removed  from  the  cups,  the  circuit  will  be 
interrupted,  the  electro-magnet  will  instantly  cease' to  act, 
the  keeper  will,  by  its  weight,  recede  a  small  distance  from 
the  magnet,  the  other  end  of  the  lever  will  rise  and  lift  the 
pen  from  the  paper,  and  the  marking  will  cease. 
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5th.  The  suecessive  connexions  and  interruptions  of  the 
circuit,  are  executed  by  means  of  an  ingenious  contrivance 
for  depressing  the  arch  of  copper  leire  into  the  cups  of  mer* 
eury,  and  raising  it  out  of  them.  This  apparatus  could  not 
be  described  intelligibly  without  a  figure ;  but  its  action  was 
simple,  and  very  satisfactory. 

6th.  Two  systems  of  signals  were  exhibited,  one  represent- 
ing numbers,  the  other  letters.  The  numbers  consiist  of 
nothing  more  than  dots  made  on  tiie  paper,  with  suitable 

spaces  intervening.    Thus would  represent 

^5,  and  may  either  indicate  this  number  itself,  or  a  word  in 
a  dictionary,  prepared  for  the  purpose,  to  which  this  number 
is  attached.  The  alphabetical  signals  are  made  up  of  com- 
binations of  dots  and  of  lines  of  different  lengths. 

There  are  several  subsidiary  parts  of  this  telegraph  which 
the  committee  have  not  thought  it  necessary  to  mention 
particularly.  Among  these  is  the  use  of  a  second  electro- 
magnet  at  the.register,  to  give  warning  by  the  ringing  of  a 
bell,  and  to  set  in  motion  the  apparatus  for  turning  the 
cylinder. 

The  operation  of  the  telegraph,  as  exhibited  td  us,  was 
very  satisfactory.  The  power  given  to  the  magnet  at  the 
register,  throughalengthof  wire  of  ten  miles,  was  abundantly 
sufficient  for  the  movements  required  to  mark  the  signals^ 
The  communication  of  this  power  was  instantaneous.  The 
time  required  to  make  the  signals  was  as  short,  at  least,  as 
that  necessary  in  the  ordinaity  telegraphs.  It  appears  to  the 
committee,  therefore,  that  the  possibility  of  using  telegraphs 
upon  this  plan,  in  actual  practice,  is  not  to  be  doubted^ 
though  difficulties  may  be  anticipated  which  could  not  be 
tested  by  the  trials  made  with  the  model. 

One  of  these  relates  to  the  insulation  and  protection  of 
the  wires,  wliich  are  to  pass  over  many  miles  of  distance,  to 
form  the  circuits  between  the  stations.  Mr  Morse  has 
proposed  several  plans, — the  last  being  to  cover  the  wires 
with  cotton  thread,  then  varnish  them  thickly  with  gum*- 
elastic,  and  enclose  the  whole  in  leaden  tubes.  More 
practical  and  economical  means  will  probably  be  devised ; 
but  the  fact  is  not  to  be  concealed  that  any  effectual  plan 
must  be  very  expensive. 

Doubts  have  been  raised  as  to  the  distance  to  which  the 
electricity  of  an  ordinary  battery  can  be  made  efficient ;  but 
the  committee  think  that  no  serious  difficulty  is  to  be  anti- 
cipated as  to'  this  point.  The  experiment  with  the  wire 
wound  in  a  coil  may  not,  indeed,  be  deemed  conclusive  ;  but 
one  of  the  members  of  the  committee  assisted  in  an  experi- 
ment in  which  a  magnet  was  very  sensibly  effected  by  a 
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buttery  of  a  single  pair  through  an  insulated  wire  of  2f  miles 
ki  length,  of  which  the  folds  were  four  inches  apart;  and 
ivhen  a  battery  of  ten  pairs  was  used,  water  was  freely 
decomposed.  An  experiment  is  said  to  have  been  made 
vpith  success,  on  the  Birmingham  and  Manchester  railroad, 
through  Sk  circuit  of  thirty  miles  in  length. 

It  may  be  proper  to  state  that  the  idea  of  using  electro- 
magnetism  for  telegraphic  purposes  has  presented  itself  to 
several  different  individuals,  and  that  it  may  be  difficult  to 
settle  among  them  the  question  of  originality. 

The  celebrated  Gauss  has  a  telegraph  of  this  kind  in  actual 
operation,  for  communicating  signals  between  the  University 
at  Gottingen  and  his  magnetic  observatory  in  its  vicinity. 
Mr.  Wheatstone,  of  London,  has  been  for  some  time  also 
engaged  in  experiments  on  an  electro- magnetic  telegraph, 
Sut  the  plan  of  Professor  Morse  is,  so  far  as  the  committee 
are  informed,  entirely  different  from  any  of  those  devised 
by  other  individuals,  all  of  which  act  by  giving  different 
tiirections  to  magnetic  needles,  and  would  therefore  require 
several  circuits  of  wires  between  all  the  stations. 

In  conclusion  the  committee  beg  to  state  their  high  grati- 
fication with  the  exhibition  of  Professor  Morse's  telegraph, 
and  their  hope  that  means  may  be  given  to  him  to  subject  it 
to  the  test  of  an  actual  experiment  made  between  stations 
at  a  considerable  distance  from  each  other.  The  advantages 
ivhich  this  telegraph  would  present,  if  successful,  over  every 
kind  heretofore  used,  make  it  worthy  of  the  patronage  of  the 
government.  These  are,  that  the  stations  may  be  at  a  distance 
asunder  far  exceeding  that  to  which  all  other  telegraphs  are 
limited, — and  that  the  signals  may  be  given  at  night  aiuL  in 
xains,  snow,  and  fogs,  when  other  telegraphs  fail. 

(By  order  of  the  Committee.)         WILLIAM  HAMILTON, 
PUladelphia^  Attuary. 

February  8tk,  1838. 

Ibid. 


XXVIL  Discovery  of  Arsenic  in  a  human  body ,  taken  up  three 
years  and  a  half  after  burial.  By  Ossian  Hbnry,  Che- 
mical operator  of  the  Royal  Academy  of  Medicine. 

The  body  of  a  woman  which  had  been  buried  at  the 
town  of  Sens  three  years  and  a  half,,  was  taken  up  in  conse- 
quence of  renewed  suspicion  that  she  had  been  poisoned  by 
arsenic.  The  exhumation  was  performed  with  due  formality, 
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the,  head  and  limbs  werecemoyed  and  the  trunk  was  encased^ 
legally  sealed,  and  sent  to  Paris  for  examination.  On  being 
opened  the  body  was  found  to  be  in  perfect  preservation, 
which  was  ascribed  to  the  dry  sandy  soil  in  which  it  had 
been  buried.  A  slight  odour  of  rotten  wood,  owing  to  pieces 
of  the  coffin  which  accompanied  it,  was  the  only  perceptible 
effluvium,  while  the  brown  bistre  colour  of  the  skin  gave  it 
the  appearance  of  a  mummy.  The  vicera  had  become  hard- 
ened or  corneous,  and  were  so  condensed  and  confounded 
into  a  mei^branoiis  l^afy  mass  as  to  be  scarcely  distinguish- 
able frpm  each  other.  ,  The  liver  was  sufficiently  distinct;  it 
had  a  waxy  consistence  and  a  deep  brown  colour.  After  a 
due  anatonilcal  examination^  the  mass  of  vessels  was  taken 
out,  freed  from  the  brown  sandy  powder  dispersed  through 
it,  and  the  trunk  was  returned  to  Sens  to  be  replaced  in  the 

grave.  - 

AlthougK  the  death  was  imputed  to  an  arsenical  compound^ 
nothing  was  omitled  relative  to  the  presence  of  other  posions ; 
but  the  re8ult.4i;rf  tHs  enquiry  being  completely  negative,  the 
attention  of*  the  operators  was  confined  to  the  evidence  of' 
the  presenqe.  f>i  arsenic.  , 

The  detached  mass  was  divided  very  carefully  by  a  scalpel , 
into  fine  shreds  or  strips,;— these  were  boiled  during  an  hoijr, 
in  two  successive  portions  of  distilled  water,  each  acidulate^ 
by  half  an  ounce  of  very  pure  hydrochloric  acid,  in  brfler  to 
promote  the  solubility  of  the  arsenite  or  arseniate  of  lime 


exposed  to  the  air  until  the  next  day.  It  was  then  found  <8' 
be  covered  with  a  pretty  thick  scum  of  solid  fat  which  wis 
very  easily  separated. 

'fhe  clear,  brownish,  acid  fluid,  thus  obtained,  was  parply 
neutrallaed  by  pure  ammonia,  and  a  current  of  very  piite 
hydrosulphuric  acid  was  directed  through  it  and  kept  up  for 
a  long  time.  The  gas  very  soon  gave  rise  to  an  abundant 
production  of  brownish  magma,  which  in  the  course  of  forty- 
eight  hours,  was  completely  precipitated.  The  clear  fluid, 
which  was  easily  decanted  from  it,  gave  by  analysis  nothing 
more  than  a  small  portion  of  salts  of  no  importance,  some 
phosphate  of  lime,  and  a  peculiar  brown  animal  matter. 

The  precipitate  was  collected  upon  filtering  paper  (pre- 
viously purified  by  hydrochloric  acid  and  distilled  water)  and 
washed  with  care.  In  it  was  to  be  found  the  arsenic  if  any 
existed,  in  the  form  of  sulphuret.     To  clear  the  precipitate 
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of  the  brown  matter,  it  was  treated  repeatedly  with  very 
dihtte  ammonia;  but  the  whole  of  it  being  thus  dissolved, 
the  new  liquid  product,  of  a  brown  colour,  was  evaporated 
to  dryness  by  a  heat  cautiously  regulated.  The  residue  was 
a  dark  brown,  dry,  friable  substance,  which,  put  upon  char- 
coal, gave  out  an  empyreumatic,  animal  odour,  which  was 
followed  by  the  smell  of  garlic,  decidedly  manifest. 

The  dry  substance  being  separated  into  two  equal  parts, 
one  of  them,  A,  was  triturated  with  alcoholised  potash  and 
carefully  dried  until  it  became  pulverulent.  Mixed  with  black 
flux  and  exposed  to  the  blow^  pipe  in  a  narrow  tube,  thick, 
fuliginous,  empyreumatic  vapours  were  given  off,  and  a  vola- 
tile product  gathered  in  the  narrow  part  of  the  tube,  forming 
a  shining  metallic  ring  of  a  steel  grey,  and  which  proved  to 
be  metallic  arsenic. 

The  other  part  of  the  brown  product  was  mixed  with  pure 
nitrate  of  potassa  and  strongly  calcined  in  a  new  porcelain 
capsule,  until  the  white  residue  was  entirely  deprived  of 
animal  matter.  This  was  dissolved  in  distilled  water  and 
exactly  neutralized  by  very  pure  nitric  acid.  The  test  of 
nitrate  of  silver,  then  threw  down  a  very  abundant  precipi- 
tate  of  a  brick  red  colour ,  consisting  of  arceniate  of  silver. 

This  salt,  washed  and  dried,  produced  with  the  blow  pipe 
and  black  flux  as  in  the  former  case,  a  reflective  ring  of  me- 
tallic arsenic.  The  product  of  these  two  processes  amounted 
to  seven  or  eight  grains  of  the  metal. 

That  nothing  might  be  neglected  to  prove  the  existence  of 
the  poison,  we  placed  a  quantity  of  it  in  a  long  open  tube, 
and  holding  it  sUghtly  ihclined  over  a  lamp,  the  metal  was 
speedily  oxidised  by  contact  with  the  air,  and  yielded  a  white 
lameller  crystallization.  This  was  boiled  in  distilled  water 
and  the  solution  was  precipitated. 

1.  Yellow, — by  nitrate  of  silver. 

2.  Green, — by  ammoniacal  sulphate  of  copper. 

3.  In  Yellow  flocculi,  soluble  in  ammonia,  by  sulphuret- 
,  ted  hydrogen. 

All  doubt  is  thus  removed  of  the  existence  of  arsenic  in 
this  body,  and  that  it  was  to  this  substance  that  the  death  of 
the  individual  must  be  ascribed.  In  publishing  the  account, 
We  do  not  pretend  to  exhibit  a  peculiar  case,  but  from  the 
very  considerable  portion  of  the  poison  which  we  were  able 
to  separate,  it  was  thought  there  might  be  some  benefit  in 
naaking  it  known.  The  example  confirms  those  previously 
established,  and  it  may  afford  consolation  to  humanity,  by 
proving  that  criminals  are  not  sure  of  impunity  because  the 
earth  has  for  a  long  time  concealed  their  victims. 

Jour.  Pharmaciey  1837. 
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Note  by  the  Translator **^T\ifi  resultt  of  the  analyi^ia^  de* 
scribed  in  the  foregoing  paper,  are  perfectly  satisfsictory  as  \\ 
respects  the  evidence  of  tte  existence  of  arsenic.  Had  the 
experimenter  been  aware  of  the  method  of  detection  by 
meabs  of  the  simple  and  elegant  little  apparatus,  deBcfib^d 
by  James  Marsh  (Vide  Jour.  Frank.  Inst.  VoU  XVIlI, 
p.  338.)  they  noight  easily  have. given  an  additional  proof  of 
th^  presence  of  the  metal.  This  method  removes  also  odq 
soured  of  doubt-  in^ich  sometimes  arises  from  the-  carbona- 
ceous matter  cohlaiDed  in  the  flux^  which  may  of  itseV  pi^^r 
duce  a  ring  in  the  tube  which  has  much  the  appearance  ot  a 
metallic  surface,  though  It  consists  only  of  shining  chs^FCo^iV. 
The  very  small  quai^tity  of  material,  which  this  little  insthj^ 
ment  will  operate  upon,  a(8  Well  of  nietal  which  it  will  detecti^ 
is  another  strong  recommendation  to  its  adoption*  We 
wpukl  propose,  in  the  use  of  it,  the  substitution  of  a  smal| 
plate  of  clear  mica  in  lieu  of  the  fflass,  whiob.  as  the  author 
^mit8,  often bmks  with  the  heal  .  ;': 

jEWrf.,     .  .  t    III 
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XXVIIH  On  the  various  uses  of  Steatite* , 

Steatite  is  a  kind  of  soapy  niarl,  or  talc,  sometimes  vriHS^l 
at  others  green,  or  grey,  ^nd.mo^e  rarely  red  or  yelfotj^.  '  Iti 
sp.  grav.  is  from  2.G6  to  2.66.  It  is  composed  of'^l^^ 
aiumine^  ncmgnesia^  oxide  of  iron  and  water,  but  it  tarfes^b 
different  localities.  It  is  very  common  in  Germj^nY^'  iii^ 
Cornwall,  and  it  exists  also  in  the  vnestern  part  of  Vxm^'* 
As  it  requii^es  a  very  high  heat  for  fusion,  and  is' ttit  or 
wrought  with  great  facility,  very  good  crucibles  can  b6  mdife' 
of  it^  which  fire  hardens  and  litharge  penetrates  very  'ck^ljy.' 
It  is  employed  for  moulds  in  metallic  castings.  It  is  tti^diti 
England  in  the  manufactory  of  porcelain.  M.  Vilcot  of 
Leige,  has  made  a  great  number  of  trials  to  ascertain  whether 
this  substance  can  be  employed  by  Lapidaries )  he  has  n^ade' 
Campos  of  it,  to  whioh  he  has  given  a  fine  brilliancy  by  h^at, 
and  such  a  degree  of  hardness  as  to  give  sparks,  with  steel..' 
He  has  succeeded  in  colouring  them  yellow,  grey,  and  triillc 
white,  by  the  addition  of  various  solutions.  By  polishing  them 
on  stone,  he  has  given  them  all  the  splendour  of  agate,  an^ 
has  obtained  some  pieces  which  resembled  onyx,  but  the  fire 
very  soon  obliterates  the  veins,  which  cannot  be  reproducedl; 
Having  a  great  affinity  for  glass,  steatite,  reduced  to  a  very 
fiiie  powder,  answers  very  well  when  mixed  with  other  colours^ 
for  painting  on  glass.  It  is  used  also  as  a  kind  of  sympathetic 
peixdl  for  writing  on  glass,  leaving  no  traces  when  the  glass 
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id  rubbed  with  wooHen  cloth,  but  becoming  again  visible  by 
breathing  freely  upon  it^  and  disappearing  again  as  the  glass 
becomes  dry.  Workers  and  embroiderers  of  silk  prefer  it  to 
6balk  for  tracing,  because  it  is  more  durable  and  does  not 
a^ct  the  colours  of  tlie  stuff.  As  steatite  has  the  property  of 
uniting  with  oils  and  fatty  substances,  it  enters  principally 
into  the  composition  of  the  balls  used  for  cleaning  silk  and 
Woollen  stuffs.  It  is  the  basis  also  of  some  pigments.  It  gives 
a\&ne  brilliancy  to  marble,  to  serpentioe  ahd^ypseous  stones. 
]Vli;xed  with  oil,  it  is  used  to  polisn  glass  and  metallic  mirrors. 
If  newly  prepared  leather  be  powdered  with  it  and  allowed  to 
dry,  it  gives  it,  when  rubbed  with  hofn,  a  very  fine  lustreZ 
Steatite  is  employed  for  glazing  paper,  by  being  spt^ad  over 
ii  Jh  very  fine  powder,  or  better  by  being  mixed  with  the 
colouring  matter,^  and  then  glazing  by  rubbing  with  a  brush. 
The  powder  of  steatite,  from  its  uactuosity  is  ond  of  the 
substances  which  give  the  easiest  play  tq  vices  and  screws, 
and  diminish  friction  in  wheels.  Mixed  with  tallow  it 
furnishes  a  very  favourable  material  for  preserving  machinery. 

Steatite  is  easily  cut  with  a  saw,  turned  in  a  lathe,  and 
smoothed  with  a  plane.  It  may,  therefore,  be  worked  into 
any  shape^  imd  afterwards  if  necessary  be  rendered  very 
h^^ji^ ,  W^en  the.  artist  bas,fini^bed  his  design  be. places  it  in 
a  i^oveire/Jf  cjrucibU,  surrounds  the  crucibl^  with  charcoal  in  a 
fi^^e^  rikipei^  the  h^at  gradual^,  keeyp^,  it  for  two  or  three 
^njc^..ii^  liieady  a  whi^  heat  and.  allows  it  to  cool  slowly^ 
tjfhejp  ^t  com^s  out,  it  is  so  h^rd  as  to  str^kp  $re  with  steet 
ai^.ta  |)lHi;it  the  best  files.  "  .        '" 

^,y)(h\t^,Bgwm^ix».  of  iiteatitp  acquij:e  a  milk  whiter  by 
e^9J^U(7S  to  heat ;  tbosi^  which .  are  coloured  asau^ne  a  grey 
oi; .Reddish  tint,  but  they  may.  be  various!^' coloured. J)y,thje 
aidfpf  oily,  alcoholic,  acid^  or.  alkaline  solutip^s.  Colour^  tbagi^ 
dissolve  in  amber  varjiish,,  suph  a^  verdigris^  ochre,  ^p«,| 
colour  steatite,  wheiu  h^at^^d  by  i^barcoal.  Cokurs  dissoly^A 
Ia  spirita  of  turpentine  •are4  th^  motit  lively^  .  Solutioi^s  of 
carthamus  (saffron  flower)  g|^mbogj^,caQ;ipeachy  wpo4,dr^ons 
blood,  &C.V  in  spirits  of  wiqe,  colour  steatite  .by  §teepiug  it  ia 
them  Si^veral  hpurs.  Solution  of  gold  in  aqua  regia,  gj^ves  fk 
purple,  colour,  of  a  shade  depending  on  its  strength^.  Aluri^.^ 
of  ,ail^^  Qolour^  il  Uagk  when  aided  by  sulpjiuric  acid. 
$plphate.of  iiidigo— a  gri^yish  blu^.  If  steatites,  coloured  by 
n|tro*muriate  of  gold,  or  oi^uriateof .  silver,  be  exposed  to  a 
bright  flame,  it  assume&  the  met;al}ic  colour  of  gold  or  silver. 

When  the  stone  is  heated,  colours  dissolved  in  acids  are 
rapidly  and  finely  attached  to  it,  and  hence  a  cameo  ground, 
of  any  particular  colour,  is  easily  obtained.     Sulphuric  acid 

M2 
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produces  more  effect  .tb$^^  nitric  ai|d  muriatic.  Oxalic  acid 
'  may  be  successfully  e?mplQy<?d<.,  Cp1oui;s  dissolved  by  alkalies, 
andj^i^pecially  indigo,  serve  to  colour  steatite.  In  general 
tbefie  colours, penetrate  about  one  eighth  of  a  line  into  the 
body  of  the  stone.  We  are  indebted  to  M.  Moy  for  these 
jre8fl5iprqb«8»  ,.   ,. 

When,  the  stone , is.  balj;^dy  it  is  polished,  as  usual^  with 
^«»ery,,  tripoli,  Qif^tir^.^p^Jtty.  It,  acquires  much  brilliqlncyi 
resenibUngidgatevJ^sp^r^  .c^lcedony^  &c.  It  is  easy  from 
these *fap;t8, ;tP  infj^r^.tj^^t^  Qiigraver  may  avail  himself  of 
this  v^ul^taiicQe,,  Q^i^qf^m;ittQf  its  softness,  since  he  may  per- 
fefn|..iiippn,  it  ii^jpi^^e^ayia^  much  as  he  could  do  upon  hard 
«A9n^/^  in  .awf^Jt  I/and., )yjhen  it  has  passed  through  the  fire^ 
|id»^  wQrJl^ac4uir.^  sVib^rdp^^.and  durability  almost  unlimited. 

'    '■      '       '       '5   '     '•  '.      J^our,  des  Cofm*  UsmlkVi, ^ 

'  ••"      Ibid.'      •r-    ;..♦..:,•?    ^  .i» 

^        ■   ,         ^     '  »     .    f  -  , 

XXIX..  "  On  the  Vecornpositiori  of  Carbondte  of  Liime  iy 

'   it viri&ft <kinf  |igocaf6farte^ 

rod^s  was'^?4MiSrd>bj  thefireaetYcarof  watar  |  -f^mif^^ppigi^i) 
^ppe&t4  tO' faa^0jinfeD> admitted' ejireit  by  tbe'gt^t^iiPji^i^l^i'  of 
those  wbd  iveno' lutfakaaily  ^employed  in  the^.p|;e4pf^';i^ti^  jqf 
^ime.  Mi  Darmas  admita  tbe  itiAileBce  of  wat6ri^>j^r>fmef - 
tioniiUe  8»id>  gives  this  double* espla^nnitioA  of  t\\fi  fj^Gt:^  tbiit  U 
(the^  water)  either  fict&  upon  iibe>{Qarbooate-by  .fof^ni^g  ^ 
eV^faemeral  hydrate,  expelling^he.eaf  bqnic  acid  an4)ta^ipg>|l^ 
place  utitil  'it  is  itself  expelled  by  a  red  heat;  vor^  ,tti^t^  t^ 
writer,'  being  decomposed  by.  the  carbon  employ^. .^kr^^'e) 
vari^a^  gk^es  are  produced,  ^one  of  which  is  carburette4fli;|ii- 
rogen.  This,  reacting  upo»'  this  cai4)0nic  acid  of-tbehcapii- 
bon^e,  tevids  to  oonvert  jit  itito.'QadfbQnic  oxide^  and  {thus 
facilitated  itsr  separation  from ttie C9xbmHeo{  lime«  Heocqf, 
libeis^one  recently  extra&ttd' and  e^^nse^uentiy  ^till  niois^, 
thUBt  bie  nature  easily  oalctned  than  atoae  that  is  peai^ly  dry. 
The  gl'eater  nmmber  of /ItBiebamees  are  acquainted  with  this 
fact,  and  therefore  they  wi^r  the  istoae  which  has  betiMlpng 
taken  from  the  quarry ,*  before  they  place  it  in  the  Hil^^^^r  ,, 
But  the  first  of  these  two  Diodesof  explanation  is  i^adr 
missible,  since  hydrate  of  limei&  deociAQpoQed  at  a  liw^t  qon- 
Biderably  below  that  whicbas^s^aati^itothe  deqmipqsit 
of  carbonate  of  lime  under*  thv  il)Au0i¥^  of  th^  .  vappiu?:  ^ 
'water.  ■•      .'    '  •.'■  o  ■■  J.  '••      ■■-..  .^  '^ . 
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The  second  explanation,  considering  the  circumstances  of 
the  combustion  of  lime  kiifts,  does  not  appear  to  me  to  apply 
to  the  facts.  I  shall  not,  therefore,  stop  to  examine  it,  but 
proceed  to  state  the  observations,  which,  if  I  am  not  mi^ak^ff , 
will  furnish  the  true  explanation  of  the  influence  of  water  in 
the  calcination  of  calcareous  Tocks.  ^ 

Having  filled  a  porcelain  tube  with  fragments  of  maH>Ie;  I 
placed  it  over  a  furnace  whose  t^mpc^t^ature  was  easily  regu- 
l4ted.  To  one  end  of  the  tube  was  adj^st^d  a  g!as»  r^tert 
containing  water,  and  to  the  Other'^iid  ftigbssttobe  fof  con- 
vexing  the  carbonic  acid.  The  Tr^ak'Was'^flt*st  faised  to  th^ 
poi^t  necessary  for  decomposing  t!<^'tri«irMfe  j  and 'tfifefi,  by 
'acc,nrately  closing  the  ash-hole  ft  Teirt6  'k  daHc  ted,  femd  thfe 
t?afbonic  acid  ceased  to  be  given  out.''^^At'this  jtonctut^  tfte 
v^ater  in  the  retort  was  made  to  boll;'thert  the  oafbonic  aci>d 
reappeared  in  abundance*  When  the  vapour  was  intercepted 
the  flow  of  gas  instantly  stopped  and  was  restored  only 
by  readmitting  the  steam*  The  circumstances  were  thus 
i^cc^ssiveiy  varied,  and  with  them  the  results  themselves.  . 

It  appears  thus  demonstrable^  that  the  yapofir  of  water 
really  favours  the  decomposition  of  carbonate  of  lime  by  heat, 
iiti.(t%halt  by  itd'coficurrenee  this  daaomfioiHiDift  <tilke9  place 
at'{i't)eti<pel*atiir0  ihferto^to>tfaat^whidl  n'ordinavity  required. 
^WiWttt\v&i\  otxht  wd^er  a^ears  to  me  (Mir^  mecbaoical. 
'WB^ielifil^Miiteof  lime,  exposed  to*  tosatt,  begiofi  to  undergo 
)I^6t[kiii|((MttOiK,  tlyefe  is  fe^meil  around  it  an  atftiobiphere  of 
^aHiMiid'l^bid^  Vbieh  pressesonrtbe  acid  still  in  combibfttioii} 
^  M^^it'fbord^r  to  beo(yme  -diseogaged  it  must  overcome  the 
"^f^Aytrre^of  thiis  at^iHMphi^re.  Now  this  can  take  plaee  only 
byd^^revtoufi  elevation  of  temperatiire,— or,  by  removing  the 
feSitdfiieacid  and  leading  a  vacuumj—*cir,  otherwise' by  dis- 
pf&i^i^g^it  either  by  the  vapour  of  water  or  some  other  i^lastte 
ftii)d,'SQch  as  atmospberio  air^  &e* 

''^hls  explanation  ierjwtftifilid  by  the  following^xperimeQl. 
i  brought  some  catbonAtd^oflime,  iii  a  porcelain  tube,  to  a 
temperature  a  little  inferibr  to  that  at  which  it  begaa  to  de- 
compose,  and  then  i  Caused  u  corveot  of  atmosphierie  air  to 
p^is  IT) to  the  tube;  The  disengagctckient  of  cajrbonio  aeid  im- 
bid^iktely  recommenced  and  contiauedtn  connexion  with  the 
current  of  common  air,««-stopped  when  it  stopped,  and  was 
i^^eA  whenever  it  was  reMtmitted. 

'^  .It  k()iplear9  then  tn'ioae,  evident,  that  the  influence  of  watery 
;Vtf^tif,<in'  the  httn\^<A*\ntie  is  limited  to  the  production, 
fiievely,  bf  a  vacuum  for  (be  carbonic  acid,  and  thus  prevent* 
ing  a  pressure  upon  that  which  remains  associated  with  the 
lime.    With  the  pres,ence  of  vapour  a  less  elevated  tempera- 
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tore  ianeceseary  to  dislodge,  it;  but  still  we  must  Q4>t  over- 
rate the  importaoee  of  this  vapcnur.  The  water  io  calcareous 
Docks  is  mechanically  iaterposed  betwoeu  tbairparlioles  ;,an.d^ 
if  we  except  a  trifling  porUon  which  remains  cpaCined  in  th^ 
centre  :o£  pieces  sa  large  th«tt  the  heatJoes  siot  reach  and 
evaporate  it,  a  large  portion  of  the.  water  must  evap^vatfl 
wjjbhoat  ptodiieing  auy  nadPuleflfect,  but  on  the  contrary^  ^ith 
iikMM  of  fuel^>  before  the  stone  ha^  acquired  the  tempisr^pci? 
wfisdful  to  itsdeoompofeition.  /J  i.'^ 

.  1  asn  convinced  tb^n  that'the  vapour  of  water  foiKouT^ttb^ 
calcination  of  Ihntiatoiseytbiit.  I  am  doubtful  of  the-jreai  ftdq 
;miitage;which>it  isi£ilipp08ed  to^produce,  because  ther^isno 
graa$  diffeffen<ie'betw<^a<  the  temperature  at  .which  earbonsA^ 
of'lime  is:decdni||>aBGd  ilone^and  that  at  which  it  iS'  efFeof^d 
wkh  the  edtictMarenc^  >  of'  water.  Besides,  if  the  steam  eK«^rliii 
imiy  a  mecfaamioiil)  action'  similar  to  that  of  atmospheric  4u7i 
wt3  8ee&0ti»portaiit'advaatitge*itt  can  yield  over  the  Aj^riform 
current  which  incessantly  penetrates  the  calcareoM9^a¥iaii# 
sdbjeoted'|bdkealcinatk]ii«    '  .i  ' 

'  The  kiereacied  &eility  of  the  decomposition  ^{}\a}mt^9^i^ 
^ueQU8va^iour,or  more  psr0per]y,.by'aTacuum,,^ughl  H^t^ 
vemainan-JBohUted  fact.  It  n^y.  be  regarded  as  luiret^laMis^^ 
principle^  that  wheti  deepinpositiQiii'  by  heati/o^-bjif:  A^ohwii^ 
age^ity  mustne^essariiy  piroduce  one  lOr  more  gaseOMfSel^meiil^^ 
it  may  ti»  geoeral  bcf  favoured  by  2retaioing^tbe  siibetwOe^Nilaai 
f  aeuum,  or  by  preventing'  the j  elastic  fluids  >  diseiigagf^d  St^m 
pressing  on  it,  And^  reoipi^ocally^  that  we.inay;!r0ttod>oir 
entirely  prevent  decomposition  b^  forming <F0«ndlth^i|(i4tK 
the  presi^re  of  an  elastic  fluid,  of  the  same  nature,  as?  th^Ph/9 
disengaged.  It  was  thus,  in  the  carious  expetimei^t  ^  li^ih 
tfanit'oltrDOiia/te  of  lime  was  brought  into  a  state  of  fUitioaillt  a 
very  high  teinperature,  without  undei^ing  decomposiliQUi 
atid  tbeinflaenee  of  an  adequate ^essure  of  carbonic acidi' 

Aun^  4e  Cfmiie  ist  de  Phys.  Oct,  1836. 
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Tuesday,  3d  July.  A  Communication  from  Mr.  Nayler  of 
Southsea,  was  read;  the  subiect  of  which,  was,  the  local  attrac- 
tion in  iron  built  steam  vessels  on  the  magnetic  needle,  .  T^ 
local  attraction  in  ordinary  biult  vessels,  and  the  mode  adapted 
for  its  correction  were  described;  and.  the  author  considers  that 
the  same  laws  in  respect  to  the  att^actioja  of  the  magn^eitip 
needle  must  follow  iu  iron  built  as  in  other  vessels,  although 
in  an  increased  degree.   If  this  law  were  to  be  once  accurately 
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«u»d6itoHMd  tttt<lan9er  wMiid  ceiuie.  Our  ttraito  fvill  not  par* 
mit  ti^  to  «Dter  "fiiliy  into  tli*  (Qiode  proposed  by  ibe  author, 
jeficisfjpit  that  lif  forcibiy  points  out  the  neceaadty  of  the  local 
Attractieoiibeing  aecaralely  exeaaist^  previous  to  the  departure 
4jff  th«  vasselj  asalao  at  the  different  poitsat  vhiefa  afae  |nay 
t^ndi  during  her  voyage, 

1- ' A'p|i>p«rwasi:«ad  by  A&.  Mai^hi^n/LactiuwropCSfaBmifitry 
^(%hid>Royol  Oalkry  x£  Praotiisal-Scieiioe,  on.  a  nov.colupcnmd 
of  hydrogen  and  cari>on^  foiiined  by  tim  aotioaof  the  voltaic 
MCtety  &ti  oharcosd  points  whilst  uudi^  icater.  When  the 
pbintis  are  held  in  distilled  wateir  at  a  snfficient  d^tanee  to 
i^ttevexrt  ignition^ ordinary  electDolytiq^fietioniifriil  proceed; 
fiM^inrat^r  will  be  decomposed,  hydnogvO' and. oxygen  gases 
bislng''^ evolved  at  the  electrodes;  but) -w^ien  an  apmrox* 
Mmiioa  of  <i;he  charcoal  ipoints  ^takea  piaceaaodthc  )>titliaait 
4igkt  so  well  known' to  OKperamenialistfiris  peacoeiv'ed^  carlnmie 
Wiiegct^  escapes  which  may  he  collected  in*  a  tube -ia  the 
^^t^Bn^y  way. 

The  peculiar  compound  which  was  tfie  jna]n.8ubject:of  Mv. 
ifawgliMa's  paper^  is  also  formed  by  keeping  the.icharcoal 
l^i^SIS  hi  a^t^late;  of 'voltaic  ignition  underwAter;  and  is  collected 
hs^'M^^  or  other  recetver^nproperlbjr  placed  ifeor  itsrreoeption. 
t^^'ddilipottiid  MViMaaghamc  ^Hb  ptotiAMfdrwteto/  canbon. 
(S€K»'^iAiiiMd»  of  Electricity,  Viol.  I^  pi^ge  250.")  The  .pro* 
^^(difMlmtf^'^ emrbon  is  a  gaseona  faody^  per&ctly  tnui£qpaxent 
M^^lo^loss ;  -is  possessed .  of  a.  peculiar  fetid  smelly  neariy 
tDs^tfitng"  diat  of  sulphuretted  hydisog^agas  ;  and  fiom  th^ 
<)ii^8^odUb]e  taste  which  it  communicates  to  the  water  under 
wMdiUt'-is  generated,  one  would  imagine  it  :to  be  absorbable 
tii<^<biiisiderable  extent,  by  that  .liquid. 
^>  Mtfl  MaughMn  also  alluded  to  an  experiment  which  he  had 
"tdfdidtb  some  years  9^0,  vis :  that  by  dividing,  the  pieces  of 
chflircoal  into  several  points  the  light  would  be  proportionably 
inereased,  each  point  giving  out  an  equal  intense  flame. 

The  facts  which  were  alluded  to  in  Mr.  Maugham's  paper 
were  jnostly  illustrated  e^^perimentally  by  that  gentleman  by 
means  of  a  voltaic  battery  .of  about  a  hundred  pairs  of 
^oUaston's  double  four  inch  plates;  and  other  suitable  appa- 
)^ths.  Carbonic  oxide  was  forced  from  the  ignited  charcoal 
points^  and  afterwards  transferred  to  an  eudiometer.  To  this 
g%^  a  proper  proportion  of  oxygen,  (liberated  from  water  by  the 
i^dlfbdb  b&tt^)  was  added.  The  gaseous  mixture  was  then 
^^oded  by  an  electric  spark,  and  carbonic  acid  gas  was  the 
TfeSttlt ;  as  ^as  demoiisti^ated  by  its  well  known  action  on  lime- 
*t*fer. 
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Mr.  Maugham's  entire  paf  er  aball  be  placed  h^6Te  cmi 
readers  as.  soon  as  it  is  disposed  .of  by-  the  Electrical  Sooietyi 

Mr.  Sturgeozr  exhibited  a  jQontrivance  for  multiply mgUie 
discharges  of  an  electro-magnetic  coil  so  as  to  <eause'more 
frequent  sparks  and  shocks.  This. instrument  is  desmbed  in 
the  Annals^  page  32  of  the  present  volume. 

Tuesday y  YlthMy.  The  secretary  read  a  papenKrit^tn 
bv  C.  Griffin,  Esq.  of  Leamington,  entitled  An  e^quiry^into 
the  came  qf  electrified  bodies  receding  from  one  pmcft^. 
This  paper  is  inusiertediin  the  present  number  of  the  Aooiils. 
(See  page  36.)     ,  ..         .  ,   mI' 

Previous  to  tb^  oha^  h^i^g  taken^  Mr.  Coombes>  oftl^emr 
York,  exhibited  to  the'meinbers  a  locomotive  engine ppop^Ued 
by  electro-magnetism.  This  machine,  which  is  at  present  ex- 
hibiting at  the  Royal  Gallery  of  Practical  Science,  consists— 
lat.  Of  the  carriage  containing  the  apparatus,  but  which,  in 
consequence  of  th^  arrangepxeBts  necessary  to  the  takui|^  yut 
of  a  patent  in  this  country  not  being  completed,  could  not  be 
explained.  2d.  Two  voltaic  batteries ;  .these  are  vofi^  oftl^e 
principle  lof  HareVcalcirimo,ter,exciil^dwith«,3trP9g.$ote 
of  sulphate  of  copper.  3d.  Two  carriages. 9tl;(^ci^}A0  the 
apparatus.  The  apparatus,  batteries,  and  carriages  weigh  60 
or  70  lbs.,,  amd  are- pjajped  an  a  circular  flrailtroiidii  '^  *Jpon 
connexion  of  ll^e  apparatus  bfsimg  completed  t^bgritmeaiiAxPf 
four  cups  containing'  mercury)  with  the  :peleSitQl'^i^l^otYO 
batteries^  th^apparatus  is  set m motion andjrey€iilv@S{f«lt>aime 
time  with  .considerable  velocitjE^  butwbi^deoiteAfi^'Aftilhe 
action  of  the  hattery  diminishes*    •  ,  •,  ,-  '  i      -inii  t\m> 

Mr.  Coombes  afterwards  .read.a  short  paper >ciQ»flbtMig 
principally  of  extracts  from.  American  periodicals  as;  to  tke 
probable  effect  which  th£^  use  of.^ucli^  machines  miQr  hi^e  in 
sujp^edingtheuseof  jsteam.      i     i    j  .  '..^.  r 

'        '^  '  Remarks.  '   ' '  ' 

Mr.  Coombes's  paper  exci ted. ^a/ good,  deal  of  interest 
amongst  tb^nso  who  were  presentat  the  meeting;  and  brdught 
cm  a  very  animated  discusilion'.  The  paper  claimed  for  Jilr. 
DAvepport' agood  deal  of  credit  on-  ctotain  points  whic^isoii^e 
of  the  members  of  the  Society  thought  were  not  dxiesdlely 
to  him.  Mr.  Coombes  had  said  in  his  peuper  that  Mn  Daven- 
port wa£i  the  first  person  to  lapply  Electro-magnetism^  tMi  a 
motive  power  for  propelling  meehanioel'iarraQgementBj  wh^itsas 
it  was  well  known  thait  he*  had  been  anticipated  ias  several 
countries.  Dr.  Henry's  plan.  |pr  giving  ai  reetprocatibg  motion 
to  an  electro*magnetic  bar ;  and  the  contrivances  of  Mr  Jawobi^ 
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Mr.''M«.Geiilyj  and  6tliter8,'lt»d  all' been  described  in  the 
scientific  jouitialsbefoii^'abytfaiQfg  was  known  of  Mr.  Daven- 
|>o3et'B  machine;  or  even  of  his  feperiments.     With  regard  to 

*  rotatory  electron-magnetic  Engines,  the  probability  was,  that 
'the  iifBt  of  them  was  eiihibited  in  London,  as  long  ago  as 

March,  1833.     Much  credit,  however,  was  due  to  Mr.  D&- 
'ivtliport  for  his  ingenuity  and  perseverance.     Much  p^raise 

•  wast'akogiven  to  Mr.  Raftstmi  Cook,' for  the  facilities  and 
\Stt^p^tt  he  had  so  handsomely  givern  to  Mr.  Davenport  in 
•<liMii)^ng  forward  his  inventK^iis:   'W^only  want  a  few  such 

liberal  and  spirited  capitalists,  in  this  country,  to  bting  to 
>li^t'many  a  bright  gem  which  rioW  K^staotherin^  undet  the 
i 'Oppressive  loads  of  adversity  and  n^gl^ct 
.  .  >-  ■  ^  '-^^^     •-    •  «.  ^    •    Edit.: 
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'  Tk6'J^jfth  Ahnnat  Report  of  the  ^oyat  Polytechnic  Society. 
»^<^i>Stifpitw  and  MknsnjitL,  Btattorter^*  Vourt :  and  Weal, 
^rfi  High  Hotborn. 

iioqWe  hwei^ettd  this  little  wliime  n^ithmuch  pleafeure  and 
1  qgn&t »iiite)i^st j  \i  is  one  fA  thbse  dellghl^l  ^icftireis  of  mental 
i>]itogyelisknf  md  display*  of  scientiiic  skill  and  ingenuity 
^nnrfaacbhi^e  t^  inestimable  fruits  of  those  sourcies  of  itidtement, 
fj^lkante^eciide  Associations  of  *  intelligence,  so  peculiar  to  our 

own  times.  Happily,  we  have  many  Societies  and  Institutions 
;:iiiL)Aiftj6ountfY,  whose  influence,  in  their  respective  localities, 

«li&v)^  been^  productive  of  much  useM  intelligence  and  scientific 

'iksiMirl^ge;  but  we  are  not  aware  that  any  of  them  hate 

been  supported  with  that  degree  of  spirit  and  liberality  which 

we  have  observed  in  the  Rojal  Cprnwall  Polytechnic  Society: 

'  nor  does  it  appear  that  any  other  has  made  such  rapid  progress 

\  83  this  truly  valuable  Assdoiatioi]. 

<  .  The  volume  before  us  tsonliaixis^,  besides  an  account  of  the 
general  business  of  the  Society  for  the  cmrrent  y^aif,  1.     The 

\tows,and  regulations  of  the  fioeiety.    2.     The  Committee's 

./^Repoart/'  which  occupies  siKteen  closely  printed  pages  of 

AoiciQellently  compose^  matter :  comprising  a  general  outline  of 

t>  thi9  psogress  of  physical  knowledge  in  that  important  district ; 

>iO&thapresentooQailion  of  tiie  Society;  of  the  distribution  of 

L^he- premiums:;  of  their  inflaence  in  exciting  competition; 

nend>  of  the  general.  objectsT  asnd  prospects- of  the  Society. 

;3f«eakiii^  of  the. prit06>&xir^^ Statistical  Eij^ys,"  and  of  the 
information  already  obtained  by  that  m^ans;  of  the  ^'degrada- 
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tiUm  of  the  poorer  duMee,  in  the  metr^opdlis  and  many  of  oiir 
Iftpge  towns  ;**  the  rejiort  emphatieiiU^  concludes  in  the  i^nrit 
of  genuine  philanthropy.  -  ^'  It  sImiII  be  no  unworthy  object  of 
your  Society  to  take  a  part^  however  humble^  in  iurtherini^ 
investigations  which  help  to  solve  problems  of  deep^  social,  and 
ec<Hiomical  importance ;  which  instruct  and  interest  us  in  the 
pkysioaJl  «iiid  moral  coiudition  of  our  fellow  •^men :  which  point 
oat  thefttlcmm  whereon  to  rest  the  lever,  in  our  endea veuve 
to;  xenlDve  the  mass  of  sin'  and  misery,  which  depress  so  lavge  a 
peition  of  our  epeeies  |>and  which  thusenablesusioassociaAe^ 
more  immediatdy^  scisntifi^  and  intelledtual^parBuits,  witli 
works  «f  beaevtoleBoe '  and  die  rich  luioiry  of  doing  goodk" 
3.  ^n  Essay  on  the  dUecmes  peculiar  to  Miners:  •  JBhf*MR{ 
RiOibi.aD  Lanyom.  This  production,  which  occupies  twentyi-i 
sis  pages,  displays  much' talent,  and  an  extensive  knowledgev 
botn  general  and  local,  of  th^  circumstances  connected  witk 
.tib«  .8uh}06t.  4.  Description  of  '^Jones's  Machinery  lEoIr 
raising  Miners :"  illustrated  with  a  copperplate.  5.  ^*  Cepti 
Tregaskis'is Spring Hamqoer:"  6.  ' ^^^Frev^an's  lifeBoal)? 
7.  Trevelyan's  Pkintiog  Press."  '  8.  Renolds^s  instaimenib 
for  drawing  Scrolls."    9.     ^^  Daniel's  improivied  bottle  Jack/' 

10.  "  Lamination  of  Clay."   By  Robert  Were  Fox,  Esq. 

11.  ^'Observations  on  the  Duty  and  Hdrse^-powen"  >  By 
J.  S.  Enys,  Esq«  12.  '' Meteorological  R^ter.'^  ^B^; 
Mr.  L.  Squire."  13.  '^A  statement  of  the  grmt^fi  moAieadi 
<|aa»lities  of  Waiter  in  Imperial  OaUonSy  idisefacurged!  |>er 
nunute  froin  the  Mines  in  1627;  specifying  the  BMWitkSfiii 
which  it  reached  its  maximum  and  minimum."  Extr^fited 
from  Captain  T.LearCs  Report  of  Steam  Engine  DtU^^ 
Sfc./or  becembeTy  1837. 


^^nr 


On  the  causes  (rf  Planetary  Motion^  With  a  diagram. 
By  Jabez  Allies,  Esq.  William  Edwards^  12,  Ave 
3idria  jucune. 

Nine  pages,  out  of  the  twelve  which  constitute  this  pam^let* 
are  ooeupi^  with  an  attempt  io  show  that  the » cause  of 
planetary  motion  is  electricity.  The  other  three  pages 
occupy  the  a{^ndix,  which,  as  it  is  but  short,  we  offer  to 
the  notice  of  our  readers. 

EXPRIUMENT. 

**  Cut  a  couple  of  cards  e^ch  into  a  circle  of  about  two 
inches  in  diameter ;  perforate  one  of  these  at  the  centre,  and 
fix  it  on  the  top  <rf  a  tube,  say  a  common  quOl;  make  -the 


Mi$ceUmfim.Jfiide$.  IS9 

Qtbei! ^mi ever  so hiti»pmc99ff,  imd place i4  over dbe  &mL, 
tilM»  orifice  oi  th^  tube  being  th^  directiy  under  end  afaMest 
«i  eonla^t  with  the  upper  eitrd.    Try  tO'blow  off  the  upper 

eand> --you. will  find.it)  ifiapesaible.''* 

^'•'*  SOLUTION. 

'.  I    .    •       . 

"  ^The  reason  why  the  uppto  caid  oaimot  be  LkMrn  oi^  k 
heoause  the  current  of  air  wfaich|MM8ertbcoilgh  the  two  carda^ 
irofpr  jthe^'blowiaag  tliroagh  the  tube,  ia  iO«  aaore  rarefied  state 
thiun  >the  surrounding  atmosphdre, '  ^and  -^etefore  the  htCler 
pbBssea^tipen  the  two  ci^xls  ae  16^:a8>the'iblaatia'fcept'Up> 
aoB;  causes  thefh  to  adhere  togetheiL '  Thia  adbeaion  tnay  be 
prfa^ed,  either  by  fiMtening  a  Intof  thti^^upon  the  top  of 
tifdmppfer  card,  and  when  in  tile  acfe'^l  blowing  vary  atran^, 
l^.it  perpendiculariy  up,  and  the  ladhieaioa  wilt  be  pereeivea; 
aby  4t  will  appear  more  clearly  by  holding  the  caidi  i^wide 
do^n^  and  when  the  blast  is  strong,  take  the  hand 'away  from 
ubiJe^  the  concave  oard^  and  it  wiU  adhere  te>  theother,idthottgh 
fialanUania,  aa  long  as  the  blast  contiiteea.  l^be- stronger 
Ifaeioaanteni  of 'iir  is,  the  stronger  is  Ae  adheaion ;  and  when 
fhef^abdd  ^sae  upsidrdown^  thB^  Vill  adhere  together  tbeeame^ 
Mfii^h^itie'far^ath  is  exhaled  or  inhaled  between  th^m. 
^H<  The  :a«tiai9P^0' tried  the  exp^ment  by  blowing  with  a 
gilr  of  .belkninB^  affixed  to  tkeiquiU^  and  this  produced  exactly 

T-^^  tfmm^itbe  aibo9«it  clteaiiy  agpears,  that  i^ir^  in  a^stote  of 
agitfltoioHODr^eurreivta,  w4iethet  it  be  eold^  aa  frdm  the  bdHowa, 
wlMHRi^/4s  from  the  mouth,  is  in  a  more  rarefied  state  than 
tiil^v'ikrlmaidftng  atmosphere.'' 


XXXII.    MISCELLANEOUS  ARTICLES. 

LaminatiM  bf  Vlap  by  Electricity:  f 

Some  clay  was  exhibited  by  R.  W.  Fox,  Esq^  "which  had 
become  laminated  by  long  continued  voltaic  action,  so  as  to 
iri^^ble  clay^shtte  in  it^  ^ttti<!<tm«. 

'Rg.  44,  rlate  IV.  may  serVe-to  aiustrate  the  process  by 
^Wfieh  this  was  accomplished.  Let  a,  b,  c,  rf,  represent  the 
^  or  rim  of  an  earthehW&re  cup  or  basin; — e,  a  piece  of 

*  The  above  experiment  was  published  in  the  year  1833,  in  some 
of  the  journals,  and  the  author  of  this  pamphlet  then  wrote  the 
^companying  solution.  . 

.+  From  the  fifth  Annual  Beport  of  the  Royal  Cornwall  Poly- 
"tecjmic  Society,  18S7. 


.'       -- 1    i.  .  -• ^^.       -M       *    * -» 
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copper  pyrites ;— -^,  the  upper  edge  of  a  plate  of  zinc ; — i, 
copper  wire  by  which  the  two  latter  were  connected ;— and 
g,  A,  the  top  of  a  mass  or  wall  of  clay  between  the  copper  ore 
and  zinc  ;  and  forming  fbr  each  of  them,  a  water-tight  cell. 
The  cell  containing  the  copper  ore  was  filled  with  a  metallic 
solution ; — ^the  sulphate  of  zinc,  for  instance,  and  the  other 
with  water  mixed  with  a  little  sulphuric  acid. — ^The  water 
with  which  the  claj  was  worlced  up,  was  also  acidulated.  Thus 
circumstanced,  thej&^jpq^'attis  was  set  aside  for  three  or  foi^r 
months,  and  was'iibt  disturbed  till  some  little  time  aftei^tUe 
water  had  evaporAtfedj  hAd  '  fhe  clay  had  become  perfectly 
dry  throughout.    «'    '   ' 

It  then  exhibited,  on  breaking  off  a  portion  of  its  \xppeT 
part,  lines  of  cl^airage  ,6f  a  schistose  character,  parallel,  tp 
the  sides  of  the  fcla^  and  plate  of  zinc,  or,  at  least,  as  nearly  sd 
as  was  cohsisteiit  with  their' undulatory  form.  In  other  wordk], 
the  lines  dr  laminae,  were  at  right  angles  to  the  direction  9f 
the  electrical  forces ,  '     ' 

•  They  aire,  indicated  by  the  Knes  on  g,  h ;  and  the  sftrottgf^ 
marked  line,  (i.  c,  represents  a  principal  line  of  divisife>"n 
which  separated  the  clay  into  two  portions,  from  the  top  to  the 
bottom. 

These  seemed  to.ijorm,  as  it  were,  two  voltaic  plates,  in 
opposite  states  6i  electricity,  and  pne  of  them,  colisequeritfy 
more  fiEivourable  than  the  other  ioi  the  reception  of  metallic 
deposits,  and  other  bases  from  their  solutions.  T^se  resets, 
which,  however,  were  much  more  marked  in  some  experi- 
ments than  in  others,  seem  to  aonfirm  the  correctp^^  of^t^he 
views  stated  in  the  last  PolytecWc.Repart,  pp87,;.§M,.t.;r,,j 

Indeed,  the  general  laminated  structure  of  the  clay  appear^ 
to.  indicate^  that  a  series  of  voltaic  poles  were  produced 
throughout  the  clay,  the  symm^rical  axrangement  of  which 
had  a  9orrjesponding  effect  on  tjie.i^tructure  of  the  clay^  This 
vIqw  is  stiU  more  strikingly  coniiriped  by  the  occurrence^  ipi 
sever^'instances,  of  veins^, or  rather  l^iqae  of  oxide  pf  \XQ% 
tlie  edgei^  of  which  ane  shpwp  py.  the  shaded  lines,  &,  l^ni. 
In  these  oases  sulphate  of  iron  was'^bstituted  for  the  sulpl^a^f 
of  zinc; — aijd  laminae  of  oxide  of  copper  were  sometime^ 
formed,  in  like  manner,  when  a  solution .  of  that  metal  wap 
employed :  and  mcpreover,  nvimerous  minute  insulated  portions 
or  specks  of  the  oxide  of  copper  were  detected  in  aiffere^jt 
parts  of  the  mass  of  clay  when  brpkep**  ,^ 

*  Some  of  these  effects  were  apparently  most  decided  When  a 
series  of  voltaic  exciters  were  usea  to^ai^to  incmase  the  energy  of 
the  acti<m  ;•— three  or  four  8acbea|>%ibr  instaJoce,  as  shown  in  fi^.  44, 
arranged  so  as  to  fo^m  a  poiDplet«,«irfiui^    - 
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TTie  coloured  laminae  produced  in  some  of  these  experi- 
ments,  have,  apparently,  a  direct  bearing  oa  the  variously 
coloured  and  waving  lines,  which  the  edges  of  the  laminsB  of 
schistose  rocks  so  commonly  present,  and  also,  on  the  oo- 
(;;aaional  deposition  of  metalliferous  substances  parallel  to  iixe 
cleavage,  which  seem  to  have  been  formed  on  or  before  the 
cppaolidation  of  the  rocks.  The  true  veins,  however,  were 
eyic^ently  formed  after  the  consolidation  of  the  latter;  and  as 
th^y  generally  intersect,  in  Cornwall  4t  least,  the  laminee  of 
^e.^^'kiillas"  or  clay  slate,  at  more  or  lesf\  coAsiderable  angles, 
ihey  seem  to  have  acted  the  part  of  the  copper  wir^,  shpwn  at 
i,  m  completing  the  voltaic  circuit  .  »  .  . 
,,  Hence  arises  the  question  whether.  th^.{ip:o4uctiyeifesa  of 
l.od^s,  depends  more  or  less  on  theii:  bearmgs  with  respect  t^ 
thq^e  of  the  cleavage ;  and  it  appears  to.  be  a,  matter  of  prac- 
tical, importance  to  ascertain  these  relations  in  our  mmipg 
districts,  and  especially  to  note  the  angles  at  which  tl^e  ^a- 
mjng^.fure  intersected  in  ^heirhoj;izont«i^beari|^g ^4 underlie, 
h^  Jp4^s  which  yield  given  or^s  in  the  greatest  abundance. 

Sf^iff^fftfltiqns    respecting    Electro    Magnetic     propelling 

'Mllfi]'uf''.':..-.r"   i  Machinery/, 

'^  mi' kfie  M^itor  of  the  Journal  of  the  Franklin  Institute^ 

'^^W'W  dumber  for  November  last,  Vo!.  XX,  p.  340,  we 
publi^ed  the  specification  of  Mr.  Davenport's  patent  for  a 
liStWhe- intended  to  furnish  a  motive  power  by  the  agency 
O'f^plectro  Magnetism,  to  which  we  appended  some  remarks 
tijjfitli  the  subject  generally.  We  had  hoped,  ere  now,  to  have 
deceived  more  definitive  information  than  has  transpired, 
respecting  the  progress  of  'the  experiments  which  are  being 
maoe  in  New  York  with  ^  view  to  its  testing  the  utility  by 
applying  it  to  drive  a  Napier  Press,  requiring  ^' two  horse 
|)bwer5  ^^  l^^^e  hitherto  learnt  nothing  of  the  result,  of  this 
proposed  experiment;  and  suppose,  therefore,  that  the  trial 
has  riot  yet  been  made.     ■  ' 

Sihc^  publishing  the  article  above  alluded  to,  it  has  appeared 
to  tis  that  should  a  much  less  power  be  attained  by  such  a 
machine  than  that  which  is  now  sought  for,  say  the  power  of 
a  man  Qnlyt  it  would >tiH.  be equaUy  vidnable  with  the  steam 
'en^i^e,  and  would  produce  as  great^  if  not  a  greater  change^ 
IQ  t^  economy  pf  the  useful  arts,  as  has  been  produced  by 
that  instrument;  this,  however,  is  under  the  proviso  that  the 
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ecM  at  owtetials  cototuned  in  peiKfortning  the  work  of  a  da^ 
«l»iild  be  fens  than  that  given  f^t  the  laboor  of  a  mui.  Who 
fe  there  srbo  'wouldnat  onder  saeh  ehrenmstances,  need  sucll 
U  machine  ?  ^       ' 

^  If  ^#e hireaittsn  by  thedaf  wenm^t  notaltow  him  to beidlej 
M  in  that  case  we  give  oor  money  fornothing.  The  eofreht 
of  bis  life  flows  on,  and  he  must  be  fed  and  clothed  or  the 
■tream  wiH  stop.  But  give  us  a  machine  which  is  not'  cddt)^ 
at  fifst^  and  if  it  works  but  one  hour  in  the  twenty-foor, 
win  itself  be  a.  consumer  inidiat  proportion  only;  a  machine 
which  we  can  at  any  moment  set  to  tnrn  our  laUtes,  onr 
grindstone^  our  wa^iw  isiaQbiiies^  onrehafns,  ourcncobf 
sawSy  imd  a^  catalogte.  of <>tfaer  things  which  it  would  lie  no 
easy  task  to  make  out;  such  a  machine  would  also  perform  a 
iQiUi(m.,qf  p^ie^.fipen^tiops  by.  the  conversion  of  a  roMry 
into  a  reoiprQc^U^g  ipotiont^and^we  agadn  adc  who.  is  tl}^i,r| 
among  v^  w^o  ^oiUd  not  want  one?  Oor  &rmers,  oi^r.  miec^ar^^ 
nics,  luid  qnr  .hpp^keepers  generiJly,  must  also  besjiqiplie^ 
We  Qould.iio  niQ^  submit,  t^,  live,  witboui  % Mt^  ^^^gi 
been  oi^ce  introdqced^  .than  we  cai^  npw  suhnut.tQ^,t|7gv^j[^ 
the  slow  rate,  9f  ten  miles  an, hour,  an  event  ^hiicH  ;ij^  l^y^ 
learnt  to  tji\^  .qn.e.  pf  Jl^e  ini^erie^  of  bumaff  li^.  -  !^   j,  ,3^^ 

Wit^  such  a^  mafchlue  at  our  coogdnand  we  s^oi^lq  jf<im 
wonder  hbvf  we  couB  haye  Uv^d  so  long  withoi;it  it.|.  ^ff^^ff^ 
taken  from  us  It  would  leave  a  most  awful  chasm  ii^  th^^f^^T^ 
saries  of  life,  of  the  existence  of  which  our  fatj[ipr9,;q^ev:^. 
dreamed,  and  which. happily  we  could  not  b^  called  up9|ir]to 
witness  so  long  as  the  store  hoitse  of  nature  would  ^iffblj^j^j, 
^obtain  zinc  and  sulphuric  acid  at  a  cheap  i^te.    -  <  ^  ^^.^  ^^ 

The  steam  f^ngine  cannot  be  used  tf>  advantage  wE^^  \\^ 
has  not  the  labour  of  several  horses  to  perform,  as,  wbetti^i 
large  or  small,  it  requires  the  constant  attention,  ot  ^e 
ei^^neeti,  or  of  the  fireman,  and  1^  kept  at  work  at  an  ei^^ise. 
which  is  relatively  increased  a&its  power  is  dimini^sq. 
One  giving  the  power  of  a  man  only  wpuld  be  employed,  a^  a 
cost  which  would  pay.  the  hi.re  pf  two  or  three  men^  alii)  ii 
used  (]nt  for  Whour  or  two  in  the' day,  the  expense  woulit, 
be  incalculably  increased;  of  course  it  is  not,  and  never  wilt 
be  used,  under  such  circumstances. 

Let  it  not  be  said  that  we  are  prophesying  about  what  is 
to  happen;  not  so  by  any  means  j  but  be  it  remembered  that 
we  are  speaking  of  what  is  a  possible  contingency.  We  nave 
no  doubt  respecting  the  practicability  of  obtaining  the  power 
of  a  man  by  the  agency  of  electro  magnetism;  we  believe  that 
such  a  machine  may  be  kept  at  work  without  any  consider- 
able tax  upon  the  time  of  the  person  using  it,  and  we  further 


l^ftUeve  that  the  only  thing  if  hick  can  prevent  ita  oomiaf 
intb. use  ia^  the  cost  of  the,  mater^s  employed  in  opemtiag 
it ;  the  statements  which  we  .  have  beard  upon  this  point  ase 
extremely  contradictoryy  and  npon  the  wh<de,  are  far  from 
eqf:^uraging ;  the  time^  bowev^r^  ig  not  remote  wbeo  Ibis 
ypiot  iifill  he  determined. 


Jf^rn^  Franks  Ins. 


*: 


Off  im  Ektsy  Method  of  frepairit^  Plaima  BlQek^r****Bjf, 
M.  DoBORBiNBR.    Trmxstated'inf  iiMH  Qvtsi^osM.^ 

Melt  platina  ore  (crude  platlfia)  with  doable  its  weight  of 
zinc,  and  treat  the  aHoy  thus  obtained  and  rednce^l  to  powder, 
-;-firist,.  by  dilute  sulphuric  acid,  aj^d  then  by  dilute  nitric 
abid,  hi  order  to  oxidate  all  the  zinc.  This,  contrdry  to  theory^ 
ii  'put  slowly  effected,  even  at  a  high  temperature.  A  dark 
'  ey'hisoluble  powder  of  itatitrer  platina  remainis,'  mipgled 

Kn  ostniui*et  of  driditim*  This  power  ftcts  like  platina  black, 
after  it.  has  been  properly  purified  by  lixiidmn  of  potash, 
aM^ft  na!l  such  an  oxidising  actibii  tha^t  i^  transforms  jnot  only 
mmk  acto  -  ttftof  c^fbottie,  aiid  ^Icohd  Into  adetie  acld;^  bin 
tff'efa'ttdosttititii  which  it  coiityhiJ  ibsorbs  Ox^jrgenHfrmil  the 
aif;'%bdl[^'dfdengaged  by  degrees  in  the  state  ot  bsmi6  acid; 

'  ^'Wi^'taiithod  of  preparftij^  platina  in  an  extremely  dSvJded 
8ttitl6i''was  tecommcha^d  by  Descotils  thirty  years  agb^  and 
be  was  the  first  to  observe  tttat  the  powder  thus  obtained 
d^tdhates  by  heat  like  gunpowder,  and  that  muriatic  akd 
cMtirdya  this  property.  '    '  f   .  i 

'^WhJfen'  platittA  pdwdei*'pi^par*id'  by  line  ti  nidttenM  Wthf 
a)d6ff^I,  it  becomes  indandenfeetit  dnd  osmfd  acid  is 'dilf^--* 
ghged ;  hut  if  it  he  mixed  wfth  alcohol  fio  as  to  fbtm^  paste, 
ainl  spread  out  on  awatdh  glai^dV  it  disengaged  only  ac^Mbacid. 
'Ilfs  is  the  most  simple  process  of  purifying  the  ali^'of  iif 
cftatober.  '  Jbttr;  d^s  Mines. 

«  k  I  *\jL  ■»  ,  *  <  I        '  .  ,  • 


'^A  process  of  purifieatidn  rather  too  troublesome  and  ex- 
penltive  when  ventilation  tod  lime  can  be  easily  resorted  to* 
It  may,  perhaps,  be  eligible  in  a  sick  room. 

Ibid.  Tr. 
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Prospectus  of  the  Lectures   in   which    Mr.    Sturgeon's 
Electro- Magnetic  Engine  teas  exhibited. 


WESTERN 
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SYLLABUS  OF 

THREE    LECTURES 

ON 


Electricity,  Magnetism,  Electro  and  Thermo-Magnetiflin, 

and  BSagnetic  Electricity. 

BY    WILLIAM    8TUBGEON,    ESQ. 


LECTURE  I.    THURSDAY,  MARCH  7. 

ELECTRICITY. 

Introdaciion — Electric  Fluid  a  distinct  species  of  Matter— Its  Natoral  b-vwA- 
able  Sources,  the  Earth  and  the  Atmosphere — Its  conspicuous  Natural  Pheno- 
mena: LightniDjc,  Aurora  Borealis,  Meteoric  i^Uur,  Whirlwind,  Waterspout, 
Camsin — ^Its  Artificial  Sources  :  Electric  Machine,  Atmospherico-Electro  Vatmus, 
Electrophorus.  Electric  Column,  Voltaic  Battery,  Electric  Kite,  Thermo-Blectric 
Combiuations — Influence  of  Electricity  on  Vegetation,  on  Chemical  and  Mi^netic 
Phenomena — Properties  of  Electric  Matter  available  in  experiment. 

LECTURE  n.    THURSDAY,  MARCH  14. 

MAGNETISM. 

Magnetic  Iron  Ore,  or  Native  Loadstone — Transient  Maguetism  of  i^bft  Irofr--i 
Permanent  Steel  Magnets — Influence  of  Maguetism  on  Watches  and  Chronometen 
— 'EMienomena  of  the  Compass  and  Dipping  Needle,  illustrated  by  the  Magn^a. 
rium— Magnetic  Phenomena,  produced  by  Atmospheric  Electricity — EflTects  of 
Lightning  on  the  Magnetic  Needle-^LoctJ  Magnetic  Attraction  on  board  of  Ship 
-^The  manner  of  using  Mr.  BarIow*s  correcting  plate,  shown  by  a  beautiful  model 
of  a  man-of-war. 

LECTURE  IIL  THURSDAY,  MARCH  21. 
ELECTRO  &  THERMO-MAGNETISM  &  MAGNETIC  ELECTRICITY. 
Oersted's  Experiments — Magnetic  Phenomena  produced  by  Electric  and 
Galvanic  Machines  and  by  Electro  and  Therm o-Combinations-—Theoiy  of 
Terrestrial  Electro-Magnetism — Ferro- Electro-Magnetic  Sphere,  for  illustratii^ 
Terrestrial  Electro- Magnetism— 'Unequal  distribution  of  Electric  Matter  on  the 
metallic  body — Magnetic  Electricity— Electric  Spark  produced  by  magnetic 
excitation— Ferro- Electro-Magnet  rotated  on  its  axis  by  the  same  Electric 
Currents  that  give  it  Magnetic  Polarity— An  Engine,  whose  motive  power  is 
Electro- Magnetism,  will  be  exhibited  turning  Mill-work — Conclusion. 

THOMAS  SNELSON.  Secretary. 
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(Sfuarlrian  of  lExperimental  Science* 


OCTOBER^  1838. 


XXXIII.  Further  Observations  on  Voltaic  Combinations. 
In  a  Letter  addressed  to  Michael  Faraday^  Esq,  D.  C.L, 
F.R,S,y  Fullerian  Prof.  Chem.  Royal  Institution,  Corr. 
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My  dear  Faraday,  ^ 

I  had  intended,  ere  this^  to  have  addressed  you  upon  the 
subject  of  the  measure  of  affinity  which  the  constant  battery 
may  be  made  to  supply,  as  indicated  by  the  concluding  expe- 
riment of  my  last  letter ;  but  my  attention  has  been  diverted, 
and  the  whole  of  my  leisure  occupied  by  what  I  found  to  be  a 
necessary  preliminary  investigation  of  the  effects  of  changes 
of  temperature  upon  the  voltaic  action.  In  the  course  of  my 
experiments  upon  this  principal  subject,  I  have  also  been  led 
to  observe  some  curious  disturbances  and  diversions  of  the 
battery  current,  from  secondary  combinations;  and  I  now 
submit  the  results  of  the  whole  inquiry  to  your  judgment, 
not  without  a  hope  that  you  may  consider  them  of  sufficient 
interest  and  importance  to  be  communicated  to  the  Royal 
Society. 

You  may  perhaps  recollect  that  the  standard  charge,  which  I 
finally  adopted  in  the  use  of  the  constant  battery,  was  a  mixture 
of  eight  parts  of  water  with  one  of  oil  of  vitriol  on  the  side  of  the 
zinc,  and  a  saturated  solution  of  sulphate  of  copper  in  con- 
tact with  the  copper;  and  that  the  average  amount  of  its 
work,  as  measured  by  the  voltameter,  was  1 1  cubic  inches  of 

*  From  the  Philosiophical  Transactions,  Part  1,  for  1837. 
Vol.  III.— No.  16.  October,  1838.  N 


^60  Mr.  Daniell,  on  Voltaic  combinations. 

mixed  gases  per  five  minutes.  It  occvurred  to  me  that  the 
resistance  to  the  current  might  a^ain  be  reduced  by  dissolving 
the  salt  in  the  standard  acid  instead  of  water;  and  upon 
making  the  experiment  I  found  the  action  increased  from  11 
cubic  inches  to  13  cubic  inches^  at  which  rate  it  steadily 
maintained  itself ;  the  following  being  the  result  of  one  series 
of  observations. 

Time.  Interval,  Voltameter. 

h       0  '       '  >  Gabit  inekea. 

11  0 

11  5  *          5  13 

11  10  5  ,26 

11  13  5  .       .39 

11  20  5  .             52 

Upon  one  occasion  I  prepared  the  charge  by  adding  one 
part  of  oil  of  vitriol  ta  eight  parts  <rf  the  isaturated  solution  rf  the 
sulph^te^  etnd  poured  it  into  the  oelh  whitet  of  the  high  tem- 
perattcre  produced  by  the  disengagement  of  h«at  di:bri%  the 
niixturei  which  was  abdut  110%'  and  the  following  s^ies  of 
experiments  will  show  the  great  increase  of  actJotf  which 
followed  this  accession  of  heat^  and  its  rapid  decline  with  the 
temperature.  The  observations  were  made  at  intervals t)f  two 
minutes ;  but  I  have  added  the  calculated  rate  per  five  minutes 
to  facilitate  comparison  with  former  experiments. 

Time.  Interval.  Voltameter.  5  min.  rate. 


2 

2 

2 

2 

2 

2 

2 
1  21         2 

Wishing  to  follow  up  this  indication  of  the  influence  of 
temperature,  I  caused  a  tuh  to  he  made  vhich  would  just 
receive  the  ten  cells  of  the  hattery  standing  upon  small  blocks 
of  wood,  between  which  there  was  room  for  the  syphon  tubes 


k 

hk 

12 

52 

12 

54 

12 

59 

12 

61 

3 

5 

7 

9 

11 

13 

.14 

16 

17 

19 

Cabic  inches. 

Cable  xnciies. 

8-8 

22- 

8- 

20- 

7-3 

18-2 

7- 

17-5 

6-5 

16-2 

6- 

15- 

5-7 

4-8 

14-2 
12- 
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to  pass.  In  this  situation  it  was  fresb  charged  with  the  acid 
solution ;  and  henceforth  I  carefully  noted  the  temperature, 
which  in  this  instance  was  68°.  Its  action  was  steady  for  three 
quarters  of  an  hour  at  13'8  cubic  inches  per  five  minutes. 
Two  fluid  ounces  of  fresh  standard  acid  were  then  poured 
into  the  inner  ceUs^  and  the  tub  was  filled  with  hot  water  of 
the  temperature  of  130°  to  nearly  the  top  of  the  cells;  the 
action  was  now  found  to  be  20  cubic  inches  per  five  minutes. 
The  temperature  of  the  exterior  solution  of  sulphate  was  106*, 
and  of  the  interior  acid  100°.  The  experiment  was  terminated 
by  the  bursting  of  all  the  membranes  which  had  been  exposed 
for  five  weeks  to  th^  acid  solution. 

Having  remounted  the  battery^  I  proceeded  to  ascertain  the 
effect  of  different  charges  in  connexion  with  this  decided  in- 
fluence of  temperature ;  and,  in  the  first  plaiee,  having  poordd 
a  plain  aqueous  solution  of  sulphate  of  copper  into  the  exterior 
cells,  I  filled  the  interior  with  pare  wat«r,  making  use  nk  the 
same  time  of  fresh  amalgamated  :Linc  rods.  Atthe^^om-. 
menoement  of  the  experiment  the  temperature  was  74°;  and, 
there  was  no  appreciable  decomposition  in  the  voltameter. 
The  tub  was  then  filled  with  water  at  120°.  When  the  tem- 
perature of  the  interior  cell  had  reached  100°  a  slow  action 
commenced,  which  became  steady  at  0*6  cubic  inches  per 
five  minutes.  The  voltameter  itself  being  now  also  heated  to 
1 15°,  the  following  results  were  obtained. 

Time.  Interval.  Voltameter.        5  min.  rate. 


h 

m 

/ 

Cubic  incheir. 

Cabic  iiiches. 

11 

21 

11 

26 

5 

0-8 

0-8 

11 

31 

10 

1-6 

0-8 

11 

51 

30 

50 

0-8 

At  the  expiration  of  the  experiment  the  rods  were  found  to  be 
only  slightly  tarnished,  and  no  copper  had  penetrated  to  the 
interior  cells. 

The  next  charge  which  I  made  trial  of  was  a  solution  of 
muriate  of  ammonia,  in  the  proportion  of  two  pounds  of  the 
salt  to  a  gallon  of  water  for  the  interior  cells,  and  aqueous 
solution  of  sulphate  of  copper  for  the  exterior.  The  results 
were  as  follow : 

per  5  min. 
o  Cubic  inches. 

At    74  out  of  water       5*5 

At    94  in  water    . 8-8 

At  124  in  water 12-.5 

Upon  this  occasion  I  first  observed  that  a  portion  of  the 

N2 


26S  Mr.  Danieil,  on  Volkiic  combinations, 

current  was  discharged  by  the  water  in  which  the  battery  wa 
immersed. 

The  battery  plunged  in  water  of  the  atmospheric  tempera- 
ture of  74*  had  been  working  steadily  for  twenty  minutes  at 
the  rate  of  3*1  cubic  inches  per  five  minutes :  when  the  water 
was  drawn  off  from  the  tub  the  rate  immediately  rose,  and 
was  maintained  at  42  cubic  inches  per  five  minutes. 

That  a  discharge  may  take  place  from  the  copper  of  one 
cell  to  the  copper  of  the  next,  when  the  regular  circuit  is 
interrupted  between  the  two,  I  had  many  opportunities  of 
observing  in  the  powerful  currents  with  which  I  had  been  ex- 
perimenting; for  I  have  frequently  seen  it  pass  in  the  fwmof 
a  spark  when  the  cellfs  had  been  too  much  approximq^ted  in 
the  air  i  aud  when  in  water  it  was  indicated  by  the  frothing 
between  the  two  from  the  disengagement  of  gas.  In  ^uch  a 
/oase  there  is  no  doubt  that  one  of  the  zinc  rods  is  thrown  out 
of  i  aotioa,  ai^d  the  copper  of  that  cell  merely  acts  as  an  elec- 
trode to  the  antecedent  zinc  I  shall  hereafter  point  out  to 
you  h^w  readily  a  portion  of  a  current  may  be  diverted  from 
its  prinx^ipal  course  to  by-paths,  if  I  may  so  express  ttiyself, 
which  may  be  open  to  it. 

The  decomposition  of  the.  secondary  electrolytes,  and  the 
course  of  the  ions  in  this  combination,  are  worthy  of  some 
resmtrk.  In  several  instances  when  the  battery  had  been  in 
action  for  a  considerable  period,  the  zinc  rods  were  found 
tibticUy  studded  with  beautiful,  large,  transparent  crystals  of 
.  snlphate  of  zinc.  The  solution  of  this  ^alt  was  abundantly 
precipitated  by  nitrate  of  baryta  and  by  potassa,  the  precipi- 
tate in  the  latter  case  being  redissolved  by  an  excess  of  the 
alkali.  It  was  not  in  the  slightest  degree  affected  by  nitrate 
of  silver ;  proving  that  no  muriate  or  chloride  existed  in  it. 
There  were  no  indications  of  free  ammonia  in  the  exterior 
cell :  the  precipitated  copper  however  did  not  exhibit  the 
beautifiil  bright  pink  hue  which  it  ordinarily  presents,  but 
wasof  a. difll,  greyish,  earthy  appearance,  resembling  that  of 
copper  over  which  ammoniacal  gas  has  been  passed  at  a  red 
beat>  and  probably  contained  some  combined  nitrogen.  I 
had  not,  however,  time  to  examine  a  product  which  is  worthy 
of  furtherinvestigation. 

I  tried  one  more  experiment  with  a  view  to  complete  the 
inquiry  into  the  probable  advantage  of  changing  the  battery 
charge.  I  placed  a  saturated  solution  of  common  salt  in  con- 
tact with  the  zinc,  and  filled  the  exterior  division  of  the  cells 
with  a  saturated  aqueous  solution  of  sulphate  of  copper.  With 
a  temperature  of  70^  the  following  series  of  observations  was 
made. 
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Time.  Interval. 

h       m 


11 

15 

4 

19 

8 

23 

12 

27 

16 

31 

20 

34 

54 

20 

Voltameter. 

5  inio.  rate. 

Cubic  inched. 

Cnbic  iacbra. 

3-5 

4-3 

5-9 

3- 

80 

2j6 

9-9 

.    2-3 

11.6 

2-1 

4-  10    ,    . 

A  fluid  ounce  of  muriatic  acid  was  added  to  each  interior 
cell,  and  the  action  was  only  brought  up  to  2'7  cubic  inch«6 
per  five  minutes.  It  thus  appeared  that  the  substitutioii  of 
solutions  of  the  muriates  for  dilute  sulphuric  acid,  was  in  every 
way  disadvantageous ;  and  it  was  moreover  fbund  that  when 
the  circuit  was  broken  the  copper  became  serioiisly  injured  by 
their  action,  and  the  formation  of  a  submuriate  of  that  metal. 

Wishing  now  to  extend  the  inquiry  into  the  inflo^noe  ^f 
high  temperatures  upon  the  voltaic  current,  and  finding  thftt 
the  membranous  tubes  would  not  be  able  to  resist  thenetioh 
of  the  acid  under  these  circumstances,  I  endeavoured  to  find 
some  substitute  for  the  partition  of  the  cells  which  would  not 
be  liable  to  injury  from  this  cause.  After  several  trials  I 
found  that  porous  earthenware,  of  the  same  texture  as  that  of 
which  wine  coolers  are  commonly  made,  would  answer' my 
purpose  sufficiently  ;  and  the  arrangement  which  I  ultAMately 
adopted  simplifies  the  construction  of  the  battery  to  stush  a 
degree  as  to  render  it  advantageous  even  under  circumstances 
of  ordinary  temperature. 

The  interior  cells  consist  of  tubes  of  this  earthenware^ 
closed  at  the  lower  end,  of  the  diameter  of  1 J  inches,  and  of 
the  same  hfeight  as  the  copper  cells.  The  bottoms  of  the 
latter  are  fitted  with  sockets,  in  which  the  tubes  are  placed, 
and  which  confine  them  in  their  proper  positions ;  the  per- 
forated copper  plates,  or  colanders,  for  the  reception  ^^f  the 
solid  sulphate  of  copper,  pass  over  their  upper  ends.  The 
tubes  can  be  easily  removed  and  instantly  replaced ;  ^nd  the 
facility  of  emptying  and  refilling  them  renders  the  addition  of 
syphon  tubes  unnecessary,  except  in  very  particular  circum- 
stances. Previously  to  their  use  they  require  to  be  thoroughly 
soaked  in  dilute  acid ;  and  I  have  not  found  them  liable  to 
injury,  provided  the  sulphate  of  zinc  be  not  allowed  to  crys- 
tallize within  them ;  in  which  case  they  beeome  disintegrated 
from  the  expansive  force  of  crystallization.  When  the  battery 
is  out  of  action  they  may  always  be-  removed  and  emptied, 
and  preserved  in  a  state  for  immediate  use  by  immersing  them 
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in  very  dilute  acid.  Liquid  conduction  i%  not  carried  on  quite 
soperfeotly  through  their  mibstance  as  through  the  mem- 
branes^ on  account  of  the  less  perfect  communication  between 
the  liquids  on  their  opposite  sides ;  but  when  the  acid  sulphate 
of  copper  is  used  the  amount  of  action  at  ordinary  tempera- 
tures IS  from  7  to  8  cubic  inches  per  five  minutes,  which  is 
quite  sufficient  for  all  ordinary  purposes^  and  is  moreover  per- 
fectly constant  and  steady. 

Having  thus  prepared  the  battery,  I  caused  a  circular  steam 
vessel  to  be  made  of  tin  plate,  round  which  the  cells  could  be 
placed  upon  blocks  of  wood,  and  closed  in  with  a  cover,  in 
which  there  was  a  socket  which  could  at  pleasure  be  connected 
with  the  steam  pipe  of  a  boiler.  Two  other  sockets  were  also 
conveniently  placed^  which  were  stopped  with  corks,  through 
which  the  electrodes  of  the  battery  could  pass,  when  the 
proper  connexions  were  made.  I  intended  to  have  experi- 
mented with  a  series  often  ceUs^  but  owing  to  a  mistake  only 
nine  could  be  conveniently  arranged  in  the  steamer. 

The  genei^  result  of  numerous  experiments  waS^  that,  the 
working  rate  of  the  battery  having  been  ascertained  at  the 
.ordinary  atmospheric  temperature^  when  steam  was  admitted 
it  immediately  began  to  rise ;  and  at  the  full  temperature  of 
212°  !was  ipore  than  doubled,  provided  no  seondary  action 
interfered  lyith  it.  The  foUpwmg  series  will  be  sufficient  to 
illustrate  the  progress  of  the  current :  the  temperatures  were 
taken  by  a  thermometer  immersed  in  the  i^fteam. 

Time.      Interval.    Voltameter.     5  min.  rate.    Temperature, 
h         m  '  Cubic  inches.       Cubic  inchev.  o 


10 

0 

10 

5 

5 

7-5 

7-5 

58 

10 

10 

10 

15- 

7'5 

58 

Steam  admitted 

.  110 

10 

25 

10 

30 

5 

9- 

9- 

J70 

10 

35 

10 

20-6 

11-5 

195 

10 

40 

15 

37- 

16-5 

500 

10 

41 

10 

46 

5 

19- 

19- 

205 

10 

51 

10 

39- 

20- 

206 

Wishing  to  ascertain  whether  any  portion  of  this  increased 
effect  were  owing  to  a  simple  increase  of  conducting  power  in 
the  electrolyte,  or  whether  it  were  wholly  dependent  upon  the 
electro-motive  force,  or  increased  energy  of  affinity,  1  set  the 
battery  in  action  with  a  voltameter  included  in  the  circuit,  the 
body  of  which  was  immersed  in  water,  which  could  be  con- 
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venieatiyraiaod  to  the  boiling  t0fQp«ratare,  by  meaiis  of  a 
lamp.  The  obsecvations  vere  connsMaced  at  the  teibperatare 
of  58?. 

Time.  Itatcrral.        Voltameter.        5  htin.  rate. 

h     <  m  '   '  Cnbie  incUe*.  Cobic  iaoliei. 

11  a5 

11     30  5  6'5  6-5 

11     35  10  1»  6.6 

Voltameter  heated  to  130°. 

U     46  ,         . 

11     51     .  ,5  6-5  6-5 

Voltameter  heated  rapidly  to  212°. 

11  56  10  14-  7-5 

12  1  15  21-5  7-5 
12      6                 20               29-                     7-5 

The  battery  itself  was  tlien  heated  by  steam  to  135**, 

<  Time.  Interval.        Voltameter.        5  iiii%  raite. 

-h!   •   m  '  Cubie inchof ,  Oabic incli^i. 

,  2    10 
2    15  5  13  13. 

A  ceB  was  then  included  in  the  circuit  charged  with  cold 
standard  acid^  and  without  any  sulphate  of  copper. 

Time.  '  Interval.        Voltameter.        5min«rate»  . 

h        m  '  Cnbic  inches.  Cubic  inches. 

2    20 

2    25  5  8  8 

Cold  cell  removed. 

2    30  10  20  12 

Cold  cell  restored  with  acid  sulphate  of  copper. 

2    35  15  29-5  9-5 

The  temperature  of  the  battery  was  then  increased  to  160°. 
Tinic.  Interval.        Vohameten        5  min«  rate. 

h        m  '  Cobic  inches,  Cobi^  tnchei. 

2    38 

2    43  5  11  11 

2    47  4  20-5  .     14 

A  small  portion  only  of  the  inoveaaed  effect  would  th«8 
appear  to  djepend  upon  the  simple  conducting  powar,  which 
alone  could  have  any  influence  in  the  voltameter  with  .platinum 
electrodes ;  whilst  the  increased  energy  of  the  electro-motive 
force  was  checked  by  includii]^  in  the  circuit  a  cell  whose 
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otUs;  with  tfa^r  connecting  wires,  will  be  represelnteid  by'the 
nine  smaller  ciiTcles  1,  2,  S,  4j  5,  6>  7,  8, 9.  In  the  espeti- 
ment  which  I*  am  about  to  describe,  the  electrodes  e  and  f 
were  unconnected,  but  all  the  short  connecting  wires  Were  in 
their  places.  Each  cell  was  tested  by  the  galvanometer  by 
mc»ns  of  extra  wires,  as  at  g.  The  cells  1, 2, 3^  4>  5,  6^  7, 
separately  deflected  the  needle  in  the  normal  direction,  or 
tram  30°  to  40°  E.  No.  8  deflected  it  in  the  opposite  direction^ 
or  40*  W.  The  connexion  between  8  and  9  was  broken,  and 
the  same  cell  deflected  the  needle  35"  E.  The  connexion 
was  then  broken  between  8  and  7,  and  the  defleotioii  wHs 
80°  E. ;  and  when  both  wires  were  replaced,  the  needle 
f  etumed  to  40°  W. 

The' whole  circuit  was  then  completed  by  the  connexion  of 
1  and  9  by  a  short  wire,  when,  noftwithstanding  a  path  was 
open  for  the  circulation  of  the  battery  current,  the  deflectiion 
caused  by  the  single  cell  No.  8.  increased  to  56*  W,,  which 
was^  contrary  to  the  direction  of  the  main  circulation.  While 
the  circuit  was  thus  complete,  the  o<^er  cells  were,  again 
testedjf  with  the  following  result : — 

No.  8.^55°  W. 
7.-45  E. 
6,-35  W. 
5.— 10  E. 

With  No.  4.  the  needle  oscillated  from  one  side  of  the  icoil  to 
the  other  in  the  most  extraordinary  manner,  first  striking 
with  cont^iderable  force  against  the  pin  on  one  side  and  then 
upon  the  other.  Sometimes  it  seemed  to  hesitate  between 
the  two,  and  then  to  recede  in  one  direction  and  advance  in 
the  opposite  by  sudden  starts  and  jumps.  These  oscillations 
lasted  for  more  than  an  hour,  durmg  which  the  experiment 
was  continued,  with  equal  force.     The  other  cells  were  found. 

No.  3.-10°  W. 
2.-20   E. 

There  w»s  a  strohg  spark  upon  breaking  the  coimexiohs  of 
all  tbese  seemidary  currents,  but  they  would  not  passithiough 
the  i^oitami^it, 

Thei»e  experiosifents  were  frequently  repeated  with  the  same 
general  results^;  sometimes  a  cell  in  one  position  indicaHing^a 
rev€irse  current,  sometimes  one  in  another,  the  same  coll  ocea- 
'sionally  passfarg  to  the  normal  direction,  and  at  timeis  oscil- 
lating violently  between  the  two. 

To  determine  whether  the  metal  steam  vessel  had  Imy 
influence  upon  these  currents,  five  of  the  cells  wei^  removed 
to  a  table,  and  connected  in  series  with  a  galvanoni^ter,  the 
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needle  of  which  was  penoanently  deflected  90""  E.  When,  in 
addition  to  the  galvanometer  connexion^  the  two  extreme  cells 
were  connected  by  a  similar  wire  to  those  between  the  other 
cells^  the  needle  was  still  deflected  15°  ¥a. :  so  that  notwith* 
standing  a  shorter  path  was  open  to  the  battery  current^  and 
that  through  a  conductor  of  considerably  greater  substance 
than  the  wires  of  the  galvanometer^  a  portion  still  passed  by 
the  ledger  patL  Under  these  circumstances,  No.  1.  cell  was 
t^t^  by  a  separate  galvanometer^  which  was  deflected  40""  W. 
When  the  extra  short  connexion  of  the  battery  was  broken, 
the  deflection  from  No.  1.  fell  to  30°  W. ;  and  when  this  cell 
was  totally  unconnected  with  the  others,  its  current  was  in 
the  normal  direction,  or  SO""  E.  When  the  short  connexions 
were  all  restored,  it  again  returned  to  40°  W.  I  must  here 
observe,  that  the  galvanometers,  not  being  of  the  same  con- 
struction, were  not  used  as  accurate  measures  of  the  force,  but 
only  to  indicate  the  direction  of  the  currents,  and  occasionally 
to  show  that  the  force  was  increasing  or  declining.  The  other 
celk  were  tested  in  the  same  way,  with  the  following  results :— * 

• 

No.  2.  Battery  connected  by  short  wire  .     •  30°  E. 

Short  connexion  broken     ...  55  E. 

No.  3.  Battery  connected 30  W. 

but  changed  to  E. 

Unconnected 55  E. 

No.  4,  Battery  connected   ......  20  E. 

Unconnected 50  E. 

Again  connected  ......  40  W,   » 

AgaiQ  unconnected  .    •     .  - .     .  50  E. 

Again  connected 40  W. 

changed  to  30°  K 
.  and  swang  violently  E.  &  W. 

No.  5.  Battery  connected    ......  35  E. 

Unconnected 55  E. 

Connected   .   oscillated  E.  &  W.  30 

Hence  it  appears  that  this  variable  current  may  be  produced 
from  the  single  cells  of  the  battery,  under  ordinary  circum- 
stances, when  the  whole  series  is  connected  by  short  wires. 

I  was  still  desirous  of  ascertaining  whether  these  currents 
would  be  produced  in  the  simplest  possible  arrangement,  viz. 
when  the  elements  consisted  of  amalgamated  zinc,  copper, 
and  dilute  sulphuric  acid.  For  this  purpose  the  Ave  cells  were 
thoroughly  cleaned,  and  charged  entirely  with  standard  acid, 
without  sulphate  of  copper.  Thsj  were  connected  in  series 
.with  a  voltameter,  and  each  cell  was  separately  tested  by  the 
g^vanometer,  with  the  foUowii^  results.: 
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The  extra  connexion,  was  then  entirely  removed,  and 

The  deviation  of  No.  1.  was  80°  E. 

No.  2.  —  45  E. 

Now  with  regard  to  the  main  battery  current,  when  the 
extra  connexion  was  wholly  removed,  the  whole  passed 
through  No.  1.  galvanomfet^r  with  a  certain  resistance,  aad 
was  measured  by  its  deflection  80°:  when  the  long  wire  was 
added,  a  portion  was  diverted  into  the  new  channel,  and  was 
measured  by  the  decline  of  the  needle  to  TO^.  As  the  length 
of  the  extra  wire  was  shortened,  the  resistance  of  this  passage 
decreased,  and  more  and  more  of  the  current  was  diverted 
from  the  galvanometer' till  the  deflection  of  the  needle  only 
amounted  to  15°,  and  nearly  the  whole  passed  through  the 
extra  wire. 

The  eflfect  of  these  varying  resistances  upon*  the  secondary 
current  I  think  I  can  explain  with  the  help  of  the  annexed 
diagram.      Let  the  circles  1,  2, 3,  4,  5,  (fig.  59.)  represent 
sections  of  the  five  battery  cells,  and  the  lines  between  3  end 
4,  4  and  5,  5  and  1,  and  1  and  2,  with  the  arrow  heads,  the 
short  wires  between  the  zinc  of  each  cell  and  the  copper  of' 
the  next,  with  the  direction  of  that  conventional  current- 
vrhich  is  supposed  to  flisw  from  one  to  the  other.     Let  A  B-G 
represent  the  long  wire  of  a  galvanometer,  or  the  electrodes 
of  a  voltameter  through  wMph  the  circuit  is  completed  between 
2  and  3,  and  by  which  the  current  is  resisted.     When  a 
secondary  connexion  is  formed  by  the  wire  abed,  tetween 
the  zinc  e  and  the  copper  g  of  the  cell  No.  1,  a  portion  of  the- 
main  current,  which  tends  to  pass  through  the  electrolyte  to 
the  copper  at /*,  being  obstructed  in  this  direction,  passes  to  g, 
and  completes  its  circuit  through  the  wire  abed,  and  the 
diverted  eurrent  obviously  will  flow  in  the  same  direction  as 
the  main  current,  or  from  the  copper  through  the  wir^  to  the 
zinc. 

But  if,  instead  of  a  resisting  communication  the  primary 
circuit  be  completed  between  2  and  3  by  a  short  wire,  as 
between  the  other  cells,  and  as  represented  at  fig.  60,  and  a 
secondary  circuit  be  formed  as  before  with  the  cell  No.  L  by" 
the  wire  a  b  e  d  e,3.  portion  of  the  main  current  flowing  from 
the  copper  of  No.  5.  to  the  zinc  of  No.  1,  instead  of  passing 
through  the  electrolyte  from  g  to  A,  finds  a  passage  through 
the  wire  ab  cd  e  to h,  and  consequently  will  appear  to  flow 
in  an  opposite  direction  to  the  primary  current  or  from  the 
zinc  to  the  copper.  The  resistance  of  the  circuits  may  be  so 
adjusted  that  the  current  may  sometimes  take  one  course  and 
sometimes  the  opposite,  and  produce  those  oscillations  of  the 
needle  from  E.  to  W.  which  have  been  just  described. 


Mr.  Danielle  on  Voltaic  combinations.  279 

The  bieaking  of  the  seooodary  circuit  did  not  affect  the 
galvanometer  of  the  primary  current,  but  the  breaking  of  the 
primary  circuit  always  turned  the  secondary  current  into  the 
normal  direction,  and  increased  the  deviation  of  its  needle ; 
it  reduced  it,  in  fact,  to  the  condition  of  the  direct  current 
from  the  single  cell. 

It  is  however  obvious  that  these  diverted  currents  of  the 
complete  circuit  would  not  of  themselves  be  sufficient  to 
account  for  the  stoppage  of  the  main  battery  current  of  which 
we  are  in  search ;  nor  has  it  yet  been  shown  how  they  were 
produced  whea  the  main  circuit  was  broken,  as  represented  at 
fig«.5&  In  search  of  the  explanation  of  these  phenomena  I 
turned  my  attention  to  the  influence  of  the  metallic  aleam^ 
vessel  upon  the  voltaic  tur^ngement. 

When  the  battery  was  connected  in  the  usual  way  with  a 
gE^^^M^etei^i  ai^  the  needle  was  deflected  80""  K.,  if  the  adnc 
electrode  were  lifted  and  made  to  touch  the  tin  case  m  anyj)art9 
it  would  remain  deflected  in  the  same  direction  30"^.  ]j»  on 
tl<e^<otlier  hand,  the  main  circuit  were  broken  at  .the  copper 
elec^trode,  and  it  were  brought  into  contact  with  the  tin,  the 
deflection  would  be  to  the  same  amount  in  the  same  direction. 
The  difference  of  that  connexion  is  shown  at  fig.  61 ,  where  t  z 
reprcBents  the  zinc  electrode  in  connexion  with  the  tin,  and 
pasaing  to  the  zinc  cup  of  the  galvanometer  G  and  the  copper 
eleictrpde  C  C  in  its  usual  position.  On  the  other  haud^ 
z*  ^'  represents  the  zinc  electrode  in  its  usual  communication 
with .  the  gftlyanometer,  and  the  copper  electrode  c'  t'  in 
coime&ioQ  with  the  tin.  The  most  striking  resqlt  of  this 
experiment  is,  that  notwithstanding  the  connexion  of  the  tin 
with  tiifivgalvanometer  is  reversed,  the  current  is  in  the  same 
direction ;  or  that  the  current,  which  we  must  conceive  to 
flow  from  the  tin  in  one  connexion,  ipust  flow  to  the. tin  in 
the  other.  To  simplify  the  conditions  of  the  experiment,  I 
repeated  it  with  a  single  cell.  At  the  atmospheric  tempera- 
tui'e  of  52"^,  when  the  circuit  was  completed  in  the  usual  way 
througk  the  galvanometer,  the  deflection  was  57°  E. ;  but  no 
defl^^on  was  obtained  by  making  connexion  with  the  tin. 
When  steam  was  admitted,  the  ordinary  battery  current  in- 
crease to  65°,  and  then  contact  with  the  hot  tin  produced  a 
deflection  of  20°  E.  by  either  electrode. 

Four  cells  were  now  placed  in  the  steam  case  upon  plates  of 
glass^  and  the  action  of  the  battery  with  the  usual  connexions 
being  first  tried  at  the  temperature  of  54°,  was  found  as  follows : 

Galvanometer  alone 70°  E. 

Galvanometer  with  voltameter    .     .     .     50°  E. 
Voltameter  alone     .     .     .     .    5  cubic  inches  per  5  minutes. 
Voltameter  with  galvanometer  4  cubic  inches  per  5  minutes. 
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At  this  temperature  there  was  no  current  from  the  tin  by 
either  connexion. 

When  the  steam  was  turned  on,  the  battery  current  increased 
rapidly  to  85°  E.  by  the  galvanometer,  and  there  was  a  current 
from  the  tin  connexions  notwithstanding  the  glass  insulation. 
This  extra  current  was  also  found  to  exist  during  the  flow  of 
the  main  battery  current ;  and  when  the  two  were  measured 
by  separate  galvanometers. 

The  battery  current  was     .     .     .     85°  E. 
And  the  extra  current        .     .     .'    30°  E. 

It  again  made  no  diiference  whether  the  tin  took  the  place 
of  the  zinc  or  the  copper  in  the  arrangement ;  the  deflection 
was  always  in  the  same  direction. 

The  breaking  of  neither  current  affected  the  other. 

To  ascertain  whether  heat  alone,  independent  of  the  steam, 
was  the  cause  of  this  extra  current,  a  tin  plate  was  placed  upon 
the  hot  sand  of  a  sand-bath,  and  the  battery  cells  transferred 
to  glass  plates  upon  it.  At  first  no  extra  current  was  detected; 
but  as  the  temperature  rose  to  150°  and  200°,  the  second 
galvanometer  was  aifected  to  the  amount  of  50°  or  650° ;  and 
this  whether  the  battery  circuit  was  complete  or  not.  A 
deflection  was  even  occasioned  by  making  the  contact  with 
any  part  of  the  iron  stove,  however  distant,  with  which  the 
tin  plate  was  in  contact. 

These  experiments, were  repeated  and  varied  numberless 
times,  but  not  with  uniform  results :  sometimes  the  extra 
current  had  sufficient  intensity  to  pass  through  a  voltameter, 
producing  slow  decomposition  of  the  water ;  but  most  fre- 
quently, however  great  the  deflection  of  the  needle,  it  would 
not  pass  through  this  obstacle.  At  other  times,  in  apparently 
similar  circumstances,  the  extra  current  could  not  be  detected . 
at  all.  Whenever  produced,  however,  it  was  always  observed 
to  flow  from  the  tin  to  the  battery,  whether  the  connexion 
with  the  latter  were  made  with  the  zinc  or  the  copper. 

I  now  placed  one  of  the  battery  cells  upon  a  piece  of  wood 
in  an  iron  case  made  to  receive  it,  of  the  same  height,  but 
having  a  space  all  round  it  of  about  an  inch.  When  the 
primary  circuit  was  completed  by  means  of  a  galvanometer, 
the  deflection  was  60°  E. ;  but  there  was  no  action  upon  a 
second  galvanometer  included  in  a  secondary  circuit  between 
the  iron  and  the  zinc  or  the  iron,  and  the  copper  of  the  cell. 
A  little  dilute  sulphuric  acid  was  then  poured  into  the  iron 
case,  and  immediately  a  strong  extra  current  was  produced. 
Under  these  circumstances 

The  primary  current  was   60°  E. 

The  extra  current  copper  and  iron  connexion  ...  20  E. 

Zinc  and  iron 40  E. 
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The  analysis  of  the  phenomena  of  these  extra  currents  was 
most  satisfactorily  performed  in  the  following  manner: — ^in 
figs.-  62,  63,  and  64,  let  /  i  i  i  represent  the  section  of  the 
iron  case,  c  cc  c  the  section  of  the  copper  cell,  and  z z  the 
zinc  rod :  let  G  also  represent  the  situation  of  the  secondary 
galvanometer  with  its  different  connexions  with  the  circuit. 
In  fig.  62,  the  connexion  with  the  iron  is  made  with  the  cop- 
per cup  of  the  galvanometer,  and  the  zinc  cup  is  connected 
with  the  copper  of  the  cell;  and  we  see  at  once  that  a  current 
is  established,  which^  setting  out  from  the  iron,  p^s^s 
through  the  electrolyte  to  the  copper,  and  completes  its  qix-f. 
cuit  through  the  galvanometer  in  the  direction  1,  2,  3,  4,  5^. 
6,  7  8,  9.  In  fig.  63^  the  connexion  with  the  iron  remain- 
ing the  same,  the  battery  cell  is  connected  by  its.  zinc  rod 
with  the  zinc  cup  of  the  galvanometer^  and  we  he^we  a  power- 
fyl  i*6Verscd  current,  which  we  must  suppose  to  set  out  from 
ttiS 'ziiic^  and  to  pass  through  a  portion  of  the  electrolyte  to 
the  copp^,  and  from  the  copper  through  another  portion  of 
elecH:r6mB  to  the  iron,  and  to  complete  its  course  in  the  direc- 
tion  J,  2,  3,  4,  5, 6,  7,  8,  9.  In  fig.  64.  the  main  battery  cir- 
cuit is'li&ewise  completed,  and  the  primary  current  will  flow 
in  the  direction  I.,  II.,  III.,  IV.;  while  the  extra  circuit, 
although  apparently  connected,  as  in  fig.  63,  with  the  zinc,  is 
in  fact  connected  with  the  copper,  as  in  fig.  62,  by  means  of 
the  main  battery  connexion,  arid  will  convey  the  extra  current 
from  the  iron  through  the  electrolyte  to  the  copper,,  ai;:^d.from 
the  copper  through  the  galvanometer  back  again  to  the  iron,  in 
thefiirection  1,  2, 3,  4,  5, 6, 7,  8,  9. 

It  will  be  seen  that  the  two  currents  coincide  in  their  Air^q- 
tiori  in  that  part  of  their  circuits  which  is  common  to  both^ 
viz.  III.,.  IV.,  and  3,  4. 

There  is  no  difficulty  at  all  in  understanding  how  an  extra 
current  is  established  from  the  iron  to  the  copper  in  addition 
to  the  iijain  current  from  the  zinc  to  the  copper ;  but  I  was 
for  a  loDjg  time  puzzled  to  make  out  how  an  extra  current 
coUfld  pass  from  the  zinc  through  the  electrolyte  to  the  copper, 
and  from  fhe  copper  through  the  electrolyte  to  the  iron  :  it 
seemed  to  me  that  the  interposed  copper  must  act  as  a  retard- 
ing plate,  upon  the  opposite  surfaces  of  which  hydrogen  and 
oxygen  must  be  evolved ;  and  that  the  intensity  of  a  single 
circle  could  not  be  sufficient  to  force  this  passage.  You  will, 
I  dare  say,  remember  suggesting  an  experiment  which  led  to 
the  explanation  of  the  difficulty. 

Sqme  dilute  sulphuric  acid  was  poured  into  a  basin,  and  a 
platinum  crucible  containing  some  solution  of  sulphate  of 
copper  was  placed  in  it.     An  amalgamated  ziac  rod  wrapped 
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in  filtering  paper  moistened  with  dilute  acid,  to  prevent  it  from 
precipitating  the  copper  by  its  local  action,  was  held  in  the 
crucible.  A  plate  of  iron  was  also  immersed  in  the  acid  in 
the  basin ;  contact  with  the  platmum  being  carefully  avoided. 
A  metallic  communication  was  then  made  by  means  of  a  wire 
with  the  zinc  and  the  iron,  and  we  had  thus  the  exact  cir- 
cumstances of  the  battery  cell  in  the  iron  case,  except  that 
platinum  was  substituted  for  copper.  No  current,  however, 
was  thus  formed,  and  no  copper  was  precipitated  upon  the 
platinum  from  the  solution  of  sulphate.  A  piece  of  copper 
plate  was  now  placed  under  the  platinum  crucible,  and  in  con- 
tact with  it :  the  current  immediately  passed^  and  copper  was 
precipitated  upon  the  interior  surface  of  the  crucible  from  the 
sulphate.  The  current  of  the  single  circle  could  not  pass  by 
the  retarding  plate  of  platina,  when  oxygen  must  have  been 
evolved  on  one  side  and  hydrogen  on  the  other ;  but  when  the 
oxygen  was  absorbed  by  the  copper,  and  the  hydrogen  by  the 
oxide  of  copper,  these  concurring  affinities  enabled  the  current 
affinity  to  make  good  its  circuit. 

To  vary  the  experiment  with  regard  to  the  metallic  part  of 
the  combination,  three  of  the  battery  cells  were  placed  upon 
zinc  plates  with  interposed  flannel  moistened  with  dilute  sul- 
phuric acid ;  the  copper  was  thus  placed  between  two  gen- 
erating plates  of  the  same  metal.  When  the  three  were  con- 
nected together  in  regular  series  with  a  galvanometer,  the 
deflection  of  the  needle  was  90°  E.  When  a  secondary  con- 
nexion was  made  from  the  zinc  rod  of  each  cell  in  succession 
through  another  galvanometer  with  the  zinc  plate  on  which 
it  stood,  the  deflection  occasioned  by  the  extra  current  was 
20*  W.  In  this  case  it  must  have  flowed  from  the  zinc  through 
the  electrolyte  in  the  flannel  to  the  copper ;  from  the  copper 
through  the  electrolyte  in  the  cell  to  the  zinc  rod ;  and  from 
the  zinc  rod  through  the  wire  back  to  the  zinc  plate.  When 
the  main  circuit  was  broken  the  extra  current  changed  its 
direction,  and  occasioned  a  deflection  of  the  needle  20*  E. 
Upon  restoring  the  primary  current  the  extra  current  again 
returned  to  its  original  direction,  and  so  invariably  upon  many 
successive  repetitions  of  the  experiment. 

When  the  extra  connexion  was  made  between  the  copper 
of  the  cell  and  the  zinc  plate,  the  deflection  of  the  second 
galvanometer  was  always  40*  W.,  or  opposite  to  the  main  cur- 
rent, and  was  not  disturbed  by  any  interruption  of  the  latter. 

Being  now  satisfied  that  these  extra  currents  were  hydro- 
electric, and  dependent  upon  the  action  of  a  liquid  upon  the 
metal  which  was  brought  into  association  with  the  regular 
voltaic  combination,  I  examined  more  carefiilly  the  circum- 
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stances  of  the  arrangement  in  which  I  had  supposed  that  I 
had  insulated  the  cells^and  cut  them  off  &om  any  such  influence 
by  placing  them  upon  thick  glass  plates.  I  now  ascertained 
that  the  establishment  of  the  extra  current  was  owing  to  a 
thin  film  of  moisture  formed  upon  the  glass^  either  by  the 
condensation  of  steam^  or  slight  leakage  from  the  cells.  At 
ordinary  temperatures  no  action  was  thus  excited,  but  when 
the  temperature  of  the  combination  was  sufficiently  exalted 
very  energetic  currents  were  sometimes  developed  by  a  quan- 
tity of  moisture,  which  might  well  have  escaped  ordinary  ob- 
servation. When  great  care  was  taken  to  make  the  glass 
plates  perfectly  bright  and  dry,  the  extra  current  was  never 
produced. 

It  Was  now  also  clear  that  not  only  could  independent  extra 
eurrents  be  established,  but  that  different  portions  of  the  main 
battery  current  could  be  diverted  into  this  secondary  path, 
ahd  thus  the  occasional  deccmiposition  of  water  in  the  voitan 
meter  by  the  extra  current  could  be  accounted  for: 

There  is  one  more  relation  of  the  battery  current^  the 
diverted  current  and  the  extra  current,  which  it  may  be 
worth  while  to  point  out  when  they  are  all  tihree  established 
Jit  the  same  moment.  liCt  1,  2, 3,  fig.  66,  represent  the  sec- 
tioh  of  three  battery  cells,  all  standing  upon  blocks  of  wood 
in  iron  cases,  the  sections  of  which  are  represented  by  A,  B, 
C,  the  bottoms  of  the  cases  being  covered  with  dilute  acidi 
The  main  connexions  of  the  battery  are  made,  and  the  prin- 
cipal current  flows  from  1  to  3,  fi;om  3  to^^  from  2  to  1.  A 
diverted  current  may  be  led  off  from  1,  and  may  pass  in  the 
direction  abed  through  the  galvanometer  6,  or  sometimes 
ih  the  opposite  direction.  At  the  same  time  an  extin  current 
may  be  established  from  C,  the  iron  case  of  the  cell  3,  through 
the  galvanometer  G',  in  the  direction  efgh  i. 

Tbe  making  6r  breaking  of  this  extra  current  had  na  effect 
upoto  the  diverted  current  a  b  c  d^  but  the  two  were  always 
in  opposite  directions.  When  the  first  moved  the  needle  to 
the  E.  the  second  deflected  its  needle  W.  When  the  diverted 
current  was  W.  the  breaking  the  main  current  always  turned 
it  in  the  normal  direction  E,  and  at  the  same  moment  the 
needle  of  the  extra  current  changed  to  the  W.  Upon  re- 
storing the  main  current  both  needles  returned  to  their  former 
position. 

When  the  battery  current,  instead  of  being  allowed  to  flow 
through  short  connexions,  was  led  through  a  separate  galva- 
nometer, each  of  the  other  currents  passing  also  to  separate 
galvanometers,  the  diverted  current  varied  in  the  different 
cells  from  45°  to  20%  but  was  always  in  the  normal  direction, 
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and  the  extra  current  was  opposite.  When  the  short  con- 
nexion was  added  to  the  battery,  as  well  as  the  long  one  through 
the  galvanometer,  the  latter  fell  from  90""  E.  to  about  20°  E., 
and  the  diverted  current  oscillated  rapidly  E.  and  W.,  and  the 
needle  of  the  extra  current  changed  with  it  in  the  opposite 
directions  W.  and  E. 

I  could  now  have  no  doubt  that  the  explanation  of  the  sud- 
den stoppage  and  reversal  of  the  battery  current,  of  which  I 
was  in  search,  was  to  be  found  either  in  this  diversion  which 

I  have  described,  or  from  the  opposition  of  extra  currents 
exalted  in  their  power  by  heat,  or  possibly  from  some  combi- 
nation of  the  two.  I  therefore  returned  to  the  original  com- 
bination of  the  battery  in  the  steamer. 

I  soon  ascertained  that  the  extra  current  could  be  produced 
by  a  connexion  from  any  part  of  the  tin  case  to  any  of  the  cells 
of  the  battery  standing  upon  wooden  blocks,  and  that  its 
energy  was  increased  both  by  acidulating  the  condensed  water 
and  by  heat.  I  found  also  that  by  leading  this  current  through 
the  same  galvanometer  and  voltameter  as  the  battery  current, 
that  it  interfered  with  it  in  different  degrees,  even  to  its  stop- 
page and  reversal.  I  must  not  attempt  to  give  you  the  details 
of  the  numerous  series  of  observations  which  I  have  made 
upon  the  subject,  but  will  content  myself  with  stating  as  con- 
cisely as  possible  the  results  of  the  last  combination^  which 
have  proved  always  constant. 

At  figs.  66,  and  67,  I  have  represented,  as  before,  a  section 
of  the  arrangement :  the  course  of  the  main  current  is  marked 
by  the  arrow  heads,  and  is  conducted  by  the  electrodes  through 
the  voltameter  V  and  the  galvanometer  G.  The  battery  was 
first  charged  in  the  usual  way,  and  the  cells  were  placed  in  the 
steamer  upon  blocks  of  damp  wood  standing  in  a  little  acid- 
ulated water.  The  observation  commenced  at  the  temperature 
of  52°,  and  the  following  are  the  tabulated  results. 

Time.         IntervaL      Voltameter.      5  min.  rate.    Galvanometer, 
h      m  - ,  Cabic  inches.       Cubic  inches.  ^ 

10  58 

II  3  5  6  6  60  E. 

11  5 

11  10  .5  12  6  60  E. 

A  connexion  was  now  made  between  the  tin  and  the  zinc  cup 
of  the  galvanometer,  as  in  fig. -66,  by  a  6  c,  and  the  action  was 
decreased. 

Time.         Interval.      Voltameter.      5  min.  rate.    Galvanometer, 
h      m  /  Cubic  inches.        Cubic  inches.  o 

11  11 

11  16  5  17  5  55  E. 

11  21  5  21|  4| 
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The  cover  of  the  steamer  was  next  put  on,  and  the  connexions 
made  as  before  by  the  electrodes  passing  through  the  cocks. 

Time.         Interval.    ^  Voltameter.      5  rain.  rate.     Galvanometer, 
h       m  y  Cubic  inches.         Cubic  inches.  • 

11  40 

11  45  5  6-5  6-5  60  E. 

Connexion  was  again  made  from  the  tin  (cover)  to  the  zinc 
cup. 

Time.         Interval.       Voltameter.      5  min.  rate.    Galvanometer, 
h       m  ,  Cabic  inches.        Cubic  inches.  « 

11  50  5  11-5  5-  55  E. 

1 1  52  The  steam  was  turned  on. 

11  57  5  19-  7-5  65  E. 

12  2  5  27-  8-  67-5  E. 
12    7            5                36-                 9-  70  E. 
12    9 

12  14  5  11-  11-  77  E. 

12  19  5  21-5  10  5 

The  tin  was  again  connected  as  before. 

Time.         Interval,      Voltameter.     5  min.  rate.     Galvanometer, 
h      m  ,  Cubic  inches.        Cubic  inches.  « 

12  24  5  25-  3-5  40  E- 

12  29  5  stopped.  0 

Now  we  may  observe  that  in  this  arrangement  the  extra 
current,  which  we  have  already  found  conipleting  its  circuit, 
according  to  circumstances,  either  to  the  zinc  or  copper  of 
the  battery,  has  a  path  open  to  it  by  the  wire  F  jGr  to  the  zinc 
of  No.  2,  or  through  the  galvanometer  and  voltameter,  by 
the  wire  B  A  to  the  copper  of  No.  3,  the  latter  being  in 
opposition  to  the  battery  current.  That  in  this  series  of 
experiments  it  tended  to  pass  in  the  latter  direction,  is  proved 
by  the  gradual  retardation  and  ultimate  neutralization  of  the 
latter.  When  the  resistance  to  the  main  current  was  diminished 
by  throwing  the  voltameter  V  out  of  the  circuit  by  a  wire 
passing  from  H  to  I,  it  again  passed  in  the  regular  course, 
turning  the  needle  of  the  galvanometer  to  the  E. 

When  the  secondary  connexion  was  made  with  the  tin  by 
the  copper  cup  C  of  the  galvanometer,  instead  of  the  zinc  cup, 
the  battery  current  through  the  voltameter  was  again  stopped, 
but  the  needle  of  the  galvanometer  turned  80°  E.,  indicating 
a  powerful  current  through  it  in  the  normal  direction. 

These  experiments  were  frequently  repeated  with  the  same 
results. 

In  attempting  to  account  for  all  the  variable  phenomena  of 
these  extra  and  diverted  currents,  it  must  not  be  overlooked 
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that  it  may  be  possible  for  the  whole  battery,  or  for  a  certain 
number  of  the  series  of  the  battery,  to  force  itself  a  passage 
through  the  electrolyte  on  each  side  of  the  copper  to  the  tin, 
and  thus  to  discharge  itself  by  what  would  appear  to  be 
a  reversed  current  through  the  secondary  communication. 
This  would  be  determined  by  the  amount  of  different  resist- 
ances in  the  paths  which  might  be  open  to  it.  In  this  way 
we  can  account  for  the  different  degrees  of  power  in  the  extra 
currenJb,  and  for  its  being  able  to  pass  through  the  voltameter 
at  times  and  not  at  others. 

The  only  difficulty  in  now  accounting  for  the  original 
stoppage  of  the  battery  current  which  I  observed,  consists  in 
my  not  having  been  aware  that  there  was  any  metallic  com- 
munication between  the  tin  and  any  of  the  battery  connexions. 
I  ato  now  however  convinced  that,  notwithstanding  precau- 
tions were  taken  to  avoid  this,  contact  must  have  taken 
place.  Indeed  the  distance  between  the  connecting  wires 
and  the  rim  of  the  tin  cover  was. but  small,  an.d  the  jarring 
occasioned  by  placing  the  cover  in  its  place  may  easily  have 
occasioned  sufficient  disturbance  in  the  arrangement.  This 
supposition  also  sufficiently  explains  why  th.e»  stoppage  could 
not  invariably  be  prckiuced  when  desired. 

I  think  that  I  do  not  deceive  myself  in  believing  that  the 
preceding  observations  may  not  be  without  interest  and 
importance  to  those  who  are  actively  engaged  in  advancing 
by  experiment  our  knowledge  of  one  of  the  most  wonderful 
and  widely-diffiised  agencies  with  which  matt^  has  been 
endowed.  If  they  should  answer  no.highei:  purpose,  they 
may  very  probably  prevent  the  appUcation  of  much  labour 
and  thought  in  the  explanation  of  phenomena  of  a  very 
striking  but.  perplexing  nature,  which  are  very  likely  to  be 
observed  by  those  who  fare  working  in  this  field  of  inquiry, 
and  of  which  in  my  own  case  the  preceding  pages  are  a  very 
brief  abstract.  At  the  same  time  they  afford  an  exemplifica- 
tion of  the  advantages  of  the  constant  battery  ;  for  both  the 
diverted  currents  and  the  effects  of  temperature  would  have 
been  masked  and  lost  in  the  variable  results  of  the  common 
voltaic  combinations. 

The  effects  of  heat  upon  single  voltaic  circuits  have  been 
ably  investigated  both  by  M.  Marianini*  and  by  Mr. 
Rogers  ;t  but  although  both  these  gentlemen  purposed  to 
extend  their  observations  to  compound  circuits,  or  the  battery, 
they  have  probably  been  prevented  by  the  cause  which  I  have 

♦  Annales  de  Chemie,  Tom.  XXXIII.  p.  132. 
\  Silliman's  Journal,  January,  1835. 
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indicated.  It  is  now,  however,  apparent  that  in  the  exact 
measures  of  different  effects  which  an  invariable  current  of 
electricity  will  enable  experimentalists  to  undertake,  the 
variations  of  atmospheric  temperature  even  must  not  be 
neglected. 

I  remain,  my  dear  Faraday, 
King*s   College,  Yours  very  fiuthAilly, 

March  1837.  J.  F.  DANIELL. 

Postscript.  . 

I  have  just  completed  a  constant  battery  oi  large  dimensions, 
the  effects  of  which  exceed  my  most  sanguine  expectations, 
and  open  new  views  of  the  possible  application  of  the  extra- 
ordinary powers  of  the  voltaic  current  to  economical  purposes. 
It  consists  of  only  ten  copper  cells  20  inches  high,  3^  inches 
diameter,  as  in  the  first  battery.  The  interior  partitions  are 
formed  by  merely  tying  the  open  ends  of  the  oxen's  gullets  to 
the  ring^  of  the  colanders  for  supporting  the  sulphate  of  cop- 
per, and  which  are  made  deeper  than  before,  and  suspending 
them  in  the  cells,  to  the  bottoms  of  which  they  reach.  These 
membraneous  bags  contain  each  rather  more  than  a  quart  of 
the  dilute  acid.  The  zinc  rods  are  of  the  diameter  of  ^th  of 
an  inch,  well  amalgamated,  and  the  connexions  are  made  as 
before  described.  At  the  temperature  of  67°  this  battery 
produces^  in  the  voltameters  which  I  have  all  along  employed 
in  these  researches,  12  cubic  inches  of  the  mixed  ga^es  per 
minute^  or  T^O  cubic  inches  per  hour.  Its  powers  of  ignition 
are  very  great ;  and  while  it  will  maintain  6  inches  of  plati- 
num wire  T^Trth  of  an  inch  diameter  red  hot,  it  will  still 
decompose  water  at  the  rate  of  14  cubic  inches  per  five 
minutes.     The  permanence  of  this  result  is  very  striHing. 

When  the  battery  is  not  in  use  the  rods  are  taken  ou4^  and 
wiped,  and  the  membraqeousbags  carefully  lifted  out  of  the 
cells,  emptied  of  their  acid,  filled  with  water,  and  suspended 
from  a  frame  placed  for  their  reception.  By  this  treatment 
I  do  not  find  that  they  are  liable  to  any  change  of  texture  or 
deterioration ;  and  I  have  now  membranes  which  have  been 
in  use  for  several  months  and  are  quite  perfect.  If  the  acid 
be  perfectly  washed  out  of  them  they  may  even  be  dried  with 
impunity ;  but  it  is  better  to  preserve  them  in  a  moist  state, 
as  when  dry  they  are  liable  to  crack.  The  acid  solution  of 
sulphate  of  copper  remains  in  the  cells  without  injury,  and  in 
ten  minutes  the  battery,  when  required,  may  be  brought  into 
action.  There  is  no  reason  to  think  that  the  limits  of  effi- 
ciency have  yet  been  nearly  attained,  and  the  gullets  could 
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easily  be  connected  together  so  as  to  obtain  bags  of  any 
required  length.  I  scarcely,  however,  think  that  in  simplicity 
and  cheapness  of  construction  the  battery  can  be  further 
improved. 

J.  F    D. 
King^s  College, 
June  the  Ibth,  1837. 


XXXIV.  Description  and  Use  of  a  Dipping  needle 
Deflector^  invented  by  Robert  Were  Fox,  Esq.  By  Mr. 
T.  B.  Jordan,  Philosophical  Instrument  Maker,  Falmouth, 

To  the  Editor  of  the  Annals  of  Electricity,  8fc,  Sfc. 

Sir, 

The  data  for  the  accompanying  paper  having  been  kindly 

furnished  by  Mr,  Fox,*  I  now  have  the  pleasure  of  forwarding 

it  for  insertion  in  your  valuable  Annals,  in  connexion  with  the 

description  of  the  instrument  which  I  have  already  sent  you. 

I  am,  Sir,   v 

Yours  very  respectfully, 

T.  B.  JORDAN. 

Description  of  the  Instrument. 

Fig  47  and  48,  plate  V.  are  front  and  back  elevatibns  of 
the  instrument,  and  fig.  49,  a  transverse  section  with  the 
deflectors  screwed  in.  The  same  letters  of  reference  are 
used  in  each  figure.  A  B  is  the  azimuth  plate  on  which  the 
vernier  plate  turns  either  in  the  same  plane  or  with  the  usual 
beveled  edge,  as  in  theodolites.  In  the  best  instruments  this 
limb  is  divided  on  silver  or  platina,  and  is  read  off  by  two 
verniers.  The  vernier  plate  is  furnished  with  two  levels,  and 
the  leveling  screws  are  fixed  to  the  foundation-plate,  as  in  the 
figures ;  or  the  instrument  is  made  to  screw  on  a  stand  similar 
to  that  used  for  field  theodolites,  cde  is  bl  circular  brass  box 
containing  the  needle,  N  S,  two  graduated  circles,  /g,  and  a 
thermometer,  A  i.  The  axis  of  the  needle  is  terminated  by  ex- 
ceedingly fine  and  short  cylindrical  pivots  which  work  in  j  ewelled 
holes.  It  may  readily  be  removed  from  its  bearings  by  releasing 
the  screw,  B,  at  the  back  of  the  instrument,  which  admits  of  the 
front  jewel  coming  forward  sufficiently  to  remove  the  needle. 
The  small  grooved  wheel  C,  on  the  axis,  is  intended  to  receive  a 

*  We  have  long  solicited  Mr.  Fox  for  a  description  of  his  Dipping 
Needle  Deflector,  being  well  aware  that  many  of  our  readers 
would  be  verv  much  interested  in  it.     Edit. 
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thread  of  unspun  silk,  furnished  with  hooks  for  hanging  the 
weights  on  in  taking  intensity  observations,  and  the  thermo- 
meter h  i,  is  intended  to  note  the  temperature  at  the  same  time* 

The  graduated  circles/*  and  ^  are  adjusted  to  a  perfect  coinci- 
dence :  the  front  one  serves  to  direct  the  line  of  virion,  and 
answers  the  purpose  of  a  vernier. 

At  the  back  of  the  instrument  (Fig.  48)  there  is  another 
graduated  circle  adjusted  to  coincide  with  those  in  the  box ; 
but  the  zeros  are  generally  placed  on  the  vertical  instead  of 
the  horizontal  line,  for  the  convenience  of  having  the  vernier 
arm  independent  of  those  carrying  the  deflectors. 

The  deflectors,  kk',  fig.  49,  are  two  spiall  cylindrical  magnets, 
having  their  poles  terminated  by  cones.  After  being  mag- 
netized and  reduced  to  a  standard  intensity  by  heat,  they  are 
carefully  packed  in  brass  tubes ;  the  outer  tube  of  each  is 
furnished  with  a  screw  by  which  it  can  be  fixed  to  the  arms, 
D  or  D',  at  pleasure. 

G  H^  fig. 48,  is  an  acromatic  telescope  fitted  with  webs,  simi- 
lar to  a  transit.  Its  use  is  to  determine  the  true  meridian  for 
the  variation  of  the  needle;  but  as  it  has  a  vertical  movement 
about  the  centre  of  the  needle  box,  and  a  horizontal  one  on 
the  vertical  axis  of  the  instrument,  of  course  it  may  be  used 
for  measuring  angles  in  either  direction.  It  may  be  removed 
from  its  Ys  when  not  in  use. 

The  whole  instrument  is  packed  in  a  neat  mahogany  case, 
with  magnetic  armature,  arranged  so  as  to  preserve  the  power 
of  the  different  magnets.  In  addition  to  the  parts  described, 
the  box  contains  a  set  of  decimal  weights  for  intensities,  a 
pair  of  plyers,  a  rubber  for  producing  friction  on  the  back  screw 
or  pin,  a  screw  driver,  &c;  &c. 

The  dotted  lines  in  fig.  49  show  the  place  of  the  telescope 
when  in  use. 

Use  of  the  Instrument. 

Beading  offy  by  means  of  two  parallel  gradtuited  circles. 

The  graduations  on  the  parallel  circles  being  coincident, 
they  serve  to  direct  the  line  of  sight,  and  to  prevent  parallax 
in  determining  the  position  of  the  needle. 

This  arrangement  also  answers  the  purpose  of  a  vernier  : 
thus  suppose  the  outer  graduated  circle  to  be  fifteen  times 
further  from  the  points  of  the  needle  than  the  inner  circle,  the 
lines  of  sight,  of  which  the  points  of  the  needle  form  the  res- 
pective pivots,  must  pass  ov^x  fifteen  divisions  on  the  former, 
to  cause  the  needle  to  appear  to  pass  over  one  equal  division 
on  the  latter.  If  the  relative  distances  of  the  two  graduated 
surfaces  from  the  points  of  the  needle  are  unknown,  it  is 
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evident  that  they  may  be  readily  ascertained  by  the  same 
method. 

To  make  this  more  clear,  let  the  lines  A  B,  fig.  48',  Plate 
V,  represent  portions  of  parallel  circles  divided  to  half  degrees ; 
n  the  point  of  the  needle,  and  c  d  and  e/  visual  rays  ;  then 
by  inspection  of  the  figure,  it  becomes  evident  that  the  eye 
must,  in  passing  from  c  to  e,  nm  over  fifteen  divisions  on  the 
outer  circle  before  it  can  make  the  point  n  appear  to  pass 
over  one  on  the  inner  circle,  so  that  the  value  of  each  division 
on  the  outer  circle  is  two  minutes,  or  of  each  degree  four 
minutes.  In  reading  off  an  instrument  with  this  adjustment, 
we  first  observe  the  division  which  the  needle  has  passed 
(in  the  figure  this  is  21°),  and  then  carry  the  eye  on  until  we 
find  some  division  which  will  fall  in  the  same  line  with  it  and 
the  needle  point ;  in  the  figure  this  line  is  c  d,  and  the  num- 
ber of  divisions  passed  over  from  21°  is  7,  or  3°  30' ,  which 
makes  the  reading  21°  14'. 

To  find  the  magnetic  declination. 

Level  the  instrument  by  means  of  its  screws  and  ascertain 
the  true  meridian  by  the  telescope  or  sights  at  the  back,  as  the 
case  may  be,  these  being  parallel  to  the  plane  of  the  needle, 
and  note  the  angle  indicated  by  the  vernier  on  the  horizontal 
limb.  Turn  the  box  round  till  the  needle  stands  perfectly 
vertical,  gentle  friction*  having  been  several  times  employed 
to  cause  the  needle  to  take  its  true  position. 

The  friction  is  produced  by  an  ivory  or  brass  surface  being 
rubbed  against  the  extremity  of  a  pin  which  projects  from  the 
back  of  the  extremity  of  the  jewel  plate,  and  again  note  the 
angle  on  the  horizontal  limb.  The  fece  of  the  instrument 
should  then  be  turned  round  to  the  opposite  quarter  till  the  nee- 
dle again  becomes  vertical,  and  if  it  required  more  or  less  than 
180°  to  effect  this,  half  the  difference  will  indicate  the  true 
magnetic  meridian,  the  face  of  the  instrument  being  at  right 
angles  to  it. 

To  ascertain  the  dip. 

The  face  of  the  instrument  having  been  made  to  coincide 
with  the  plane  of  the  magnetic  meridian,  by  turning  it  90° 
from  its  last  position,  and  vibration  produced  as  before, 
the  mean  indications  of  both  poles  of  the  needle  should  be 
carefully  observed  and  noted.  The  face  should  then  be  turned 
round  180°,  so  as  to  be  again  in  the  plane  of  the  magnetic 
meridian,  and  the  observations  repeated  and  noted,  the  mean 
of  the  whole  will  indicate  the  dip. 

*  This  must  in  no  case  be  omitted  previous  to  reading  off  the 
place  of  the  needle. 
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To  correct  the  observed  dip. 

The  instrument  being  still  in  the  plane  of  the  magnetic 
meridian^  screw  on  the  deflectors  k  k,  at  right  angles  to  the 
back,  as  shown  in  figure  49,  so  as  to  repel  the  ends  of  the 
needle  which  are  nearest  to  them :  adjust  the  deflectcnrs  at  a 
given  angle  from  the  supposed  or  observed  dip,  say  at  45°  or 
50°  from  it,  as  shown  by  the  vernier  or  verniers  at  the  back. 

Suppose  after  vibration,  that  the  lower  end  of  the  needle 
settles  at  1  \5°from  the  o  on  the  north  sid^  of  the  instrument. 
Then  tum  the  deflectors  back  to  an  equal  angle  from  the 
observed  dip,  say  45°  or  50°  as  the  case  may  be,  on  the  oppo- 
site side  of  it,  which  sopposci  tp  be  69°  20',  and  that  the  poles 
of  the  needle  stand  at  23*  30^  Then  23'  30'  + 115°=138°  30'; 
which  divided  by  2  gives' 69°15'.  Tum  the  instrument  round 
180°  in  azimuth  and  repeat  the  process^  and  if  the  result  should 
be  69°  13'  the  mean  or  corrected  dip  will  be  69°  14'.  Similar 
observations  may  be  multiplied  at  pleasure  by  vailing  the  angles 
of  the  deflectors  from  the  observed  dip,  but  generally  three  sets 
of  observations  will  be  perfectly  satisfactory. 

Mr.  Fox  generally  employs  one  deflector  to  ascertain  the 
true  dip,  as  small  angles  seem  often  to  give  more  uniform 
results  than  large  ones.  The  following  may  be  considered  as 
fair  specimens  of  the  results  obtained  by  this  method,  even 
with  a  four-inch  needle.*  They  were  recently  observed  at 
Westboume  Green,  Paddington,  near  London,  by  Mr.  Fox, 
in  company  with  CaptainRoss,  R.  N. 

The  deflector  which  repelled  the  north  end  of  the  needle 
having  been  screwed  into  the  lower  arm  at  the  back,  and  ad- 
justed at  40°  from  the  apparent  dip  of  69°  20'  first  on  one  side 
and  then  on  the  other. 

First  Observation, 

Instrument  facing 
East  needle  re- 
pelled to  ...     87°  10' 

On  altering  the  de- 
flector to  40°  on 
the  other  side 
needle   stood  at    51    20 

Sum     138    30;  which-f-2=:69°15'  \ 
Facing  West  nee-  / 

die  repelled  to.  .    86^  58'  \     Mean 

And  afterwards  to.    51    42  C  69°  ir-5 

Sum      138    40;  which-f-2=69°20' ) 

*  Satisiactory  as  these  observations  are,  a  longer  and  heavier 
needle  is  found  to  give  still  more  uniform  and  consistent  results. 
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Second  Observation. 

Deflector  adjusted 

at50°froinappa- 

rentdipof69°20' 

facing  East ...     85°  20' 
And  afterwards  .  .     53      8 


Sum      138    28;whicli-i-2=69°14' 

Facing  West.  ...     85°     2'  /     Mean 

And  afterwards  .  .     53    36  >   69^  16' 5 


.Sum     133    38;whicli^2zz69°19' 

General  Mean 69°  17' 

If  the  apparent  dip  had  been  taken  at  69°  14'  or  69°  15'  the 
corrected  dip  would  probably  have  been  reduced  to  69°  16'  or 
1'  less,  an  original  error  of  5'  or  6'  in  the  apparent  dip,  being 
reduced  to  1'  by  this  method  of  correction.  It  may  here  be 
observed  that  in  this  way  the  bearings  of  the  axle  of  the  needle 
are  changed,  and  by  turning  the  jewel  plate  the  resting  places  in 
the  jewels  are  also  changed,  and  under  all  these  circumstances, 
the  results  have  been  found  most  satisfactory  and  remarkably 
uniform. 

To  ascertain  the  terrestrial  magnetic  intensity  by  means  of 

weights. 

Take  off  the  deflector  or  deflectors  and  place  the  fine  silk, 
with  the  hooks  attached,  on  the  grooved  wheel,  and  suspend 
weights  to  one  of  the  hooks  so  as  to  coerce  the  needle  to  a 
given  distance,  say  50°,  from  the  actual  dip  at  the  station ; 
and  after  applying  friction  as  usual  at  the  back,  note  the 
weights  required ;  then  change  the  weights  to  the  other  hook 
till  the  needle  is  coerced  50°  on  the  opposite  side.  The  weights 
required  will  indicate  the  magnetic  intensity  at  the  place  of 
observation  as  compared  with  that  ascertained  in  the  same 
manner  at  any  other  place.  Instead  of  having  given  angles 
to  which  the  needle  is  to  be  deflected,  it  is  more  easy  and 
practical  to  employ  given  weights,  and  the  inverse  ratio  of  the 
sines  of  the  angles  of  deflection  will  give  the  intensity, 
corrections  having  been  applied  for  differences  of  temperature 
at  the \different  stations. 

Mr.  Fox  has  lately  obtained  many  results  of  intensity,  as 
well  as  of  dip,  at  various  places  on  the  continent  and  in  this 
country,  with  a  small  portable  dipping  needle  deflector,  having 
a  4-inch  needle ;  and  on  this  needle  1  °  of  the  centigrade  scale 
produces  an  effect  on  the  angles  of  deflection  equal  to  2'  to 
2' '4.     An  example  will  show  the  method  pursued. 
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Suppose  two  grains  to  be  the  given  weight  employed  in  one  of 
his  experiments^  the  instrument  facing  east,  and  that  the  needle 
counting  from  0°,  was  stationary  atl  18°    8'  and  afterwards  on 
putting  the  2  grs.   on  the  other 
hook at  20°  40' 


Included  angle      97    28;which-f-2=:48°44' 
The  same  observations  repeated  facing  W.  iz:48  38 

Mean^  instrument  facing  E.  &  W.  48  41 

Temperature  17°  centigrade,  or  taking  14°  as 
the  standard,  there  would  be  3°  in  excess,  for 
which  deduct • .     .         0    7 


Corrected  mean  angle  48  34 

the  inverse  ratio  of  the  sine  of  which  will  show  the  intensity 
in  relation  to  other  results  similarly  made^  and  with  the  same 
weights. 

Similar  experiments  may  be  made  with  other  given  weights, 
2*1  grs.,  2'2  grs,,  2*3  grs.,  &c.  for  instance,  and  the  number 
of  observations  multiplied  at  pleasure,  and  the  mean  of  the 
whole  taken. 

The  following  are  a  few  of  the  results  which  Mr.  Fox  has 
obtained,  which  may  serve  to  show  the  working  of  the  method 
in  question.  The  needle  used  was  only  4  inches  long,  and, 
consequently,  did  not  give  such  uniform  results  as  a  larger 
needle  would  have  done. 

Mean  results  obtained  at  different  stations  near  London. 

Corrected  angle,  the  instrument  facing  East  and  West. 

Grs.  Intensity, 

2-0  =  48°  36'-7  zz  I'OOOO 
2-1  =  51  55  -3  =:  I'OOOO 
2-2  =  55    33  -0  =  1-0009 

Eastbourne,  in  Sussex,  Grounds  of  Davies  Gilbert  Esq. 

(Chalk.) 

C«rs.  Intensity. 

2-0  =  48°  57'  =  0-9938    . 
21  =52    19    =  0-9921 
2-2  =  55    57    =  0-9952 


Mean    0-9937 
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Eastwick  Park,  near  Leatherhead,  Grounds  of  David  Barclay^ 
Esq.  (Chalk.) 

Gra.  Intensity, 

20  =  48"  35'  =:  09997 
2-1  iz:  51  57  =  0.9996 
2-2  zn  55    40    =  0-9986 


Mean    0.9993 

Grounds  of  Combe  House,  near  Bristol,  George  Hilhouse,  Esq. 

(Limestone.) 

Grs.  Intensity. 

20  =  48°  25'  =  1-0023 

21  =  51    45    =  10024 
2-2  zi:  55    18    zz  10031 


Mean     1-0026 

Grounds  of  R.  W.  Fox,  Esq.,  near  Falmouth. 

(Clay  Slate.) 

Ors.  Intensity. 

20  =  48°  29'  zz:  1-0013 
2-1  zz  51  48  zz  10017 
2-2  zz  55    20    zz  1-0026 


Mean     10018 

The  intensity  of  the  earth's  magnetism  may  also  be 
ascertained  by  means  of  the  deflectoys.  For  this  pur- 
pose the  latter  should  be  screwed  into  the  sockets  in  the  arms 
at  the  back  of  the  instrument  and  adjusted  to  the  dip  at  the 
station,  so  as  to  repel  the  needle  from  it,  first  on  one  side  and 
then  on  the  other.*  Half  the  sum  of  the  included  angles  will 
represent  the  force  of  the  earth's  magnetism  in  relation  to 
that  of  the  deflectors  on  a  needle  thus  circumstanced ;  that  is, 
at  the  angles  which  the  latter  ipakes  with  them  respectively. 
The  value  of  the  sines  of  angles  thus  taken  at  different  stations 
and  with  the  instrument  facing  east  and  west,  may  be  ascer- 
tained by  means  of  small  weights.  For  this  purpose  the  de- 
flectors should  be  placed  at  the  angle  of  which  the  value  is  to 
be  ascertained,  the  same  to  be  calculated  from  the  actual  dip 
at  the  place  of  observatio;n^  xohere  the  weights  are  to  be  em- 
ployed.    The  weights  required  to  coerce  the  needle  back  to 

*  The  position  of  the  needle  may  be  readily  changed  from  one 
side  of  the  dip  to  the  other  by  turning  the  jewel  plate  and  its 
bracket  by  means  of  the  knobs  at  the  back. 
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the  dip,  against  the  force  of  the  deflectors,  will  give  that  of 
the  earth's  magnetism  on  the  needle,  at  the  angle,  the  value 
of  which  is  required,  and  in  comparing  the  value  of  different 
angles  the  sines  of  which  will  be  greater  or  less  in  proportion 
as  the  terrestrial  magnetic  intensity  is  less  or  more,  correc- 
tions must  be  applied  according  to  the  sines  of  such  angles  in 
an  inverse  ratio.  Such  observations  in  order  to  be  quite  satis- 
factory, should  be  made  with  the  deflectors  adjusted  on  each 
side  of  the  dip,  and  when  convenient  with  the  instrument 
facing  the  east  and  west,  the  mean  of  the  whole  being  taken. 
Upon  the  whole,  however,  Mr.  Fox  prefers  using  the  weights 
alone  for  ascertaining  the  intensity,  if  time  should  not  admit  of 
both  methods  being  employed,  which  he  finds  they  will  do  with 
a  remarkable  degree  of  uniformity  and  precision.  It  may  here 
be  observed  that  if  the  needle  should  have  sustained  any 
diminution  of  force  it  will  settle  at  a  less  angle  &om  the 
deflectors  when  in  the  dip  at  a  given  station,  and  at  a  greater 
angle  when  deflected  by  given  weights  only ;  whereas,  if  the 
force  of  the  earth's  magnetism  should  only  be  diminished  by 
a  change  of  station,  the  angles  will  be  increased  by  both 
methods. 

It  is  evident  that  if  the  deflectors  are  fixed  at  a  constant 
angle  firom  the  dip,  at  any  given  station,  and  the  needle 
is  coerced,  as  before,  into  the  line  of  dip,  the  weights  required 
will  be  constant  if  no  change  has  taken  place  in  the  magnetism 
of  the  deflectors  or  needle  ;  and  they  will  detect  the  amount  of 
such  change  should  it  occur  at  any  time  or  place. 

In  order  to  ascertain  whether  or  not  the  needle  itself  has 
varied  in  intensity,  remove  the  deflectors  and  screw  the  tube 
containing  the  second  needle,  which  call  number  2,  into  one 
of  the  arms  at  the  back,  so  as  for  it  to  repel  the  suspended 
needle  number  1.  Adjust  number  2  at  any  given  angle^ 
suppose  45"*  from  the  line  of  dip  at  the  station,  and  coerce 
number  1  by  weights  into  the  dip.  Repeat  the  operation 
with  the  opposite  end  of  number  2,  or  rather  screw  the  tube 
into  the  other  socket.  Half  the  sum  of  the  weights  required 
in  both  cases  will  indicate  the  repulsive  forces  of  the  needles 
with  respect  to  each  other  under  these  circumstances  at  the 
angle  of  45'.  Remove -number  2  from  the  back  and  deflect 
number  I  to  any  given  angle,  say  45'  from  the  dip,  by  means 
of  weights  only,  and  note  the  weight  required  to  effect  this. 
Change  the  needles,  placing  number  1  in  the  tube,  and  sus- 
pending number  2,  and  go  through  precisely  the  same  opera- 
tions as  before.  If,  under  these  circumstances,  there  should 
appear  to  be  any  difference  from  the  previous  results  in  the 
reciprocal  action  of  the  needles,  take  the  mean  of  both. 
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It  is  highly  desirable  that  the  deflections  should  always  be 
made  on  both  sides  of  the  line  of  dip  to  ensure  accuracy,  and 
the  process  will  be  still  more  complete  if  don'e  with  the 
instrument  facing  both  east  and  west. 

In  this  manner  the  reciprocal  force  of  the  needles  on  each 
other  may  be  ascertained,  and  their  respective  forces  in  relation 
to  that  of  the  earth's  magnetism  under  the  circumstances 
diescribed;  and,  therefore,  approximately  at  least,  the  influence 
of  any  change  in  the  former  in  relation  to  the  latter,  and  vice 
versA. 

These  relations  may  be  ascertained  by  experiments  and 
varying  the  force  of  the  needles  at  a  given  station,  where  the 
terrestrial  magnetic  intensity  is,  for  the  time  of  their  duration 
at  least,  presumed  to  be  constant.  And  it  can  scarcely  be 
doubted  that  this  method  furnishes  the  means  of  obtaining  a 
true  standard  measure  of  the  force  of  the  earth's  magnetism, 
at  any  time  or  place  on  given  needles ;  or  at  least  of  approxi- 
mating very  closely  to  it. 

In  the  course  of  such  experiments  it  may,  moreover,  be 
found  desirable  to  adjust  the  deflecting  needle  parallel  to  the 
arms  at  the  back,  (for  which  provision  is  made  in  the  large 
instruments),  and  under  such  circumstances,  to  repeat  the 
operations  which  have  already  been  described,  with  the 
deflecting  needle  at  right  angles  to  the  arms ;  and  in  both 
cases  the  given  angles  may  be  multiplied  at  pleasure ;  thus 
40°  and  50°  may  be  taken  as  well  as  45°,  and  the  deflecting 
needle  may  be  likewise  fixed  in  the  line  of  dip  so  as  to  repel  the 
suspended  needle  from  it  instead  of  using  the  weights  alone 
for  this  purpose,  and  in  this  way,  the  relation  of  the  needles 
with  respect  to  the  earth's  magnetism,  may  be  ascertained  by 
applying  the  weights  as  described  in  the  case  of  deflectors. 

It  will  not  be  requisite,  at  any  time,  to  employ  extremely 
minute  weights ;  as  the  value  of  small  differences  in  the  angles 
may  easily  be  estimated  in  weights ;  thus  if  ^V  of  a  grain 
should  cause  the  needle,  under  given  circumstances,  to  pass 
through  30'  t^tt  of  a  grain,  will  be  represented  by  3'. 

In  all  observations  on  the  magnetic  intensity  the  temperature 
should  be  noted,  and  the  needful  corrections  applied,  the 
amount  of  which  may  be  readily  ascertained  by  experiments, 
such  as  covering  the  instrument  with  a  heated  vessel  inverted, 
or  admitting  heated  air  under  it  &c.  In  one  instrument  a 
needle  when  deflected  by  weights,  50°  from  the  dip,  had  the 
angle  increased  more  than  one  minute,  by  every  degree  (Fah.) 
of  augmented  temperature  :  in  other  needles  of  weaker  inten- 
sity, the  influence  of  temperature  has  been  less  considerable ; 
the  ratio  appears  to  be  nearly  uniform  within  the  ordinary 
range  of  changes  in  this  climate. 
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If  the  needles  are  tempered  very  hard  throughout^  and,  after 
having  been  magnetized,  heated  to  180°  or  200°,  Mr.  Fox  has 
found  that  they  sometimes  retain  their  force  without  any 
appreciable  change  for  a  long  period  of  time,  although  he  has 
continually  observed  that  the  magnetic  axis*  of  a  given 
needle,  is  liable  to  frequent  variation  even  without  its  having 
been  retouched. 

This  IS  shown  by  its  having  at  one  time  uniformly  an 
excess  of  dip,  when  facing  east  for  instance,  and  at  another, 
when  facing  west,  and  this  without  affecting  the  mean  results 
on  either  occasion.  He  also  finds  that  needles  attain  their 
maximum  force  after  having  been  rubbed  by  a  magnet  or  mag- 
nets two  or  three  times  only. 


XXXV.  Facts  and  Observations  for  the  purpose  of  illtcs- 
trating  a  Theory  intended  to  connect  the  Operations 
of  Nature,  upon  general  principles.  By  Paul  Cooper, 
EsQ.t 

f  Continued  from  page  453,  Fol.  2.  J 

96.  The  principles  of  the  theory  which  have  been  explained 
in  the  progress  of  this  paper,  appear  to  me  to  be  clear  and  sim- 
ple; but  to  those  previously  unacquainted  with  them,  this  may 
not  be  the  case.  To  acquire  a  knowledge  of  any  theory,  which 

♦  This  fact  suggests  the  expediency  of  having  the  wide  part  of 
a  horizontal  variation  needle  vertical,  and  not  horizontal,  to  ensure 
the  greatest  degree  of  uniformity  in  its  indications. 

+  Mr.  Cooper  has  requested  us  to  make  ths  following  errata  to 
his  last  paper,  which  appeared  in  No.  12,  Vol.  II.     Edit. 

"  The  figures  in  Plate  XI.  require  the  following  corrections.  In 
fig.  86  the  particles  of  nitrate  of  lime  ought  to  have  the  letter  I  over 
the  lime,  instead  of  the  fi^re  1 ;  and  the  particles  of  sulphate  of 
potash  ought  to  have  the  letter  p  over  the  potash,  instead  of  the 
figure  1.  The  electro-motive  force  from  the  potash  to  the  nitric 
acid,  at  the  left  side  of  the  circle,  is  correctly  marked  7 ;  but  the 
similar  force  between  the  two  other  particles  of  sulphate  of  potash 
and  the  adjoining  particles  of  nitrate  of  lime,  is  marked  1  instead 
of  7.  In  the  first  case  the  figure  7  is  erroneously  introduced  in  six 
different  places,  and  in  the  last  case  in  two  places. 

"  In  fig.  80  the  last  atom  of  hydrogen  ought  not  to  be  braced  to 
the  copper,  this  connexion  bemg  intended  to  distinguish  atoms 
which  are  in  a  state  of  cohesion  with  each  other. 

''  In  fig,  77  the  atom  on  the  left  ought  to  be  marked  oxygen,  and 
that  ou  tne  right  hydrogen ;  and  the  two  atoms  which  are  intended 
to  exhibit  a  particle  of  water  should  be  nearly  in  contact." 

Vol.  III.— No.  15.  October,  1838.  P 
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includes  a  large  class  of  phenomena,  it  is  necessary  to  became 
in  some  degree  familiar  with  it,  in  order  that  its  different  bear- 
ings may  be  broaght  to  the  mind  in  a  sufficiently  concentrated 
point  of  view  to  remove  the  confusion  which  naturally  arises 
upon  the  first  presentation  of  a  complicated  subject.  A  watch- 
maker, or  any  other  person  well  acquainted  with  the  move- 
ments of  a  watch,  sees  at  one  view  the  connexion  of  its  various 
machinery;  but  this  machinery  presents  the  greatest  con- 
fusion to  those  who  look  upon  its  numerous  motions  for  the 
first  time.  ITiese  considerations  have  induced  me  to  illustrate 
the  subject  further,  by  showing  the  application  of  the  sam6 
principles  to  some  of  the  interesting  experiments  of  Dr. 
Faraday ;  I  shall  introduce  these  experiments  as  concisely  as 
possible,  and  give  references  to  the  sections  in  his  Researches 
in  Electricity,  where  they  will  be  found  at  greater  length. 

97.  Dr.  Faraday  prepared  an  apparatus,  by  plunging 
plates  of  platina  ana  zinc  into  a  vessel  containing  dilute  sul- 
phuric acid ;  these  plates  were  not  allowed  to  come  in  contact 
in  the  fluid,  but  were  connected,  by  means  of  platina  wires 
proceeding  from  them,  through  the  medium  of  the  fluid  or 
other  body,  which  they  were  intended  to  act  upon.  (Re- 
seHrches  899). 

98.  Water  acidulated  with  sulphuric  acid  was  not  de- 
composed by  the  wires  proceeding  from  this  single  pair  of 
plates  (Researches  903);  but  upon  adding  a  few  drops  of 
nitric  acid  to  the  dilute  sulphuric  acid  with  which  the  plates 
were  surrounded  the  decomposition  of  the  water  became 
evident.  (Researches  973.)  Iodine  of  potassium  was  de- 
composed by  either  of  these  preparations.  The  principles  of 
these  experiments,  with  the  electro-motive  forces  which  they 
bring  into  action,  agreeably  to  the  theory  already  set  forth, 
(83)  with  the  additional  assumption  that  the  electrical  forces 
of  oxide  of  azote  and  platina  are  equal,  and  consequently 
that  their  electro-motive  forces  are  the  same,  are  represented 
in  figs.  68  and  69,  Plate  X. 

99.'  Dr.  Faraday  says,  "There  is  no  point  in  electrical 
science  which  seems  to  me  of  more  importance  than  the  state 
of  the  metals  and  the  electrolytic  conductor  in  a  simple  vol- 
taic circuit  before  and  at  the  moment  when  metallic  con- 
tact is  first  completed.  If  clearly  understood,  I  feel  no  doubt 
it  would  supply  us  with  a  direct  key  to  the  laws  under  which 
the  great  variety  of  voltaic  excitements,  direct  and  incidental, 
occur,  and  open  out  various  new  fields  of  research  for  our  in- 
vestigation."    (Researches  946.) 

100.  As  I  perfectly  agree  with  Dr.  Faraday  upon  the  im- 
portance of  this  question,  I  shall  endeavour  to  elucidate  it  in 


operations  of  JVdture  upon  general  principles^      299 

the  :preseiLt  enquiry.  A  knowledge  of  the  state  of  the  metals 
and  the  electrolytic  conductor  before  and  at  the  moment 
when  the  voltaic  circuit  is  completed,  wUl  render  the  chemical 
action  which  follows  perfectly  simple  and  intelligible  under 
every  variety  of  circumstances. 

101.  The  electrical  state  of  the  metals  before  contact  is 
made  is  the  same  upcm  the  whole  of  their  surfaces ;  but  when 
a  plate  of  zinc  is  brought  into  contact  with  a  plate  of  copper 
(or  any  other  negative  metal)  there  is  a  current  from  the 
copper  to  the  zinc  and  the  surfaces  of  the  two  plates  assume 
the  state  represented  in  fig.  76,  Plate  XI.  Vol.  2.  When  the 
circuit  ]is  completed  by  a  conductor  somewhat  inferior  to  the 
actual  contact  of  the  plates,  there  is  a  current  through  th^ 
conductor  irom  the  zinc  to  the  copper  corresponding  with  that 
which  passed  directly  from  the  copper  to  the  zinc ;  but  the 
plates,  although  each  of  them  has  now  its  natural  proportion  of 
light,  still  present  positive  and  negative  surfaces  as  they  are 
described  in  the  figure.     (57.)* 

102.  Now,  if  we  separate  the  plates,  keeping  them  at  the 
least  possible  distance  fi:om  each  other  so  that  they  be  not  in 
actual  contact,  and  connect  their  external  surfaces  by  the  wire 
W,  the  state  of  the  whole  of  the  surfaces  will  be  reversed  and 
the  current  will  flow  from  the  copper  to  the  zinc  through  the 
wire.  If  under  these  circumstances  ihe  circuit  be  completed 
by  the  interposition  of  water  between  the' plates,  as  in  fig.  77, 
the  particles  of  water  will  be  arranged  as  in  figs.  77  and  78 ; 
the  oxygen,  the  positive  element  of  the  water,  being  attracted 
by  the  induced  negative  surface  of  the  zinc.and  the  hydrogen, 
its  negative  element,  by  the  indticed  positive  surface  of  the 
Clipper  (62.  144).  The  current  upon  thus  completing  the 
circuit,  will  be  from  the  zinc  to  the  copper  through. the  inter- 
posed  water ;  but  as  fluids  under  the  polaor  arrangement  here 
represented  cease  to  be  conductors  except  upon  the  principle 
of  decomposition  (67),  the  poles  of  the  atoms  become  reversed 
by  the  current,  the  atoms  of  oxygen  in  contact  with  the  zinc 
unite  with  it,  and  after  the  decomposition  and  recomposition 
of  every  intermediate  particle  of  water  in  the  lines  of  trans*- 
mission,  the  last  atoms  of  hydrogen  are  set  at  liberty.  The 
quantity  of  light  which  is  discharged  at  the  cathode,  and  thus 
thrown  into  the  form  of  a  current,  is  precisely  in  proportion  to 
Xhe  number  of  atoms  of  hydrogen  which  are  separated  at  the 
surface  of  the  copper  ,•  and  exactly  what  is  required  to  give 
positive  surfaces  to  the  oxygen  at  the  anode  to  enable  it  to 
unite  to  the  zinc. 

»      • 

-    *  See  page  364  of  Vol.  2. 
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103.  It  may  not  appear  obvious  to  those  not  well  acquainted 
idthihe  dubjeet,  why/  in  formmg  a  particle,  it  id  absoliit^ly 
necessary,  in  order  to.  give  the  union  stability,  that  the  poi^^ 
tive  atom  should  present  a  poisitive  surface  to  the  negailiv» 
8ur&ce  of  the  negative  atom  (63);  but  a  little  coiisideraticb 
will  remove' the  difficulty.  Let  us  suppose  that  the  particle  id 
water,  represented  in  fig,  77,'  Plate  XI.  Vol.  2,  instead  of  being 
ftn^medof  an  atom  of  oxygen  and  an  atom  of  hydrogen  united  by 
the  positive  surface  of  the  former  to  the  negative  surface  of  th^ 
latter,  should  fo»  formed  by  the  unio!ii  of  the  negative  surfeceof 
tbctoicygen  with  the  positive  surface  of  the  hydrogen ;  as  it  mkist 
be/  supposing  a  cohesive  union  pos^ble  under  these  circum- 
atiinces,  upon  the  reversal  of  the  poks  of  the  electrolytic  atom» 
imfig.  78;  A  particle  thus  formed  is  represented  in  fig.  70,  Plate 
X'.;  and  it  will  be  evident  from  an  inspection  of  it  that  thef  e  id 
the  satne  quantity  of  light  between  the  two  atoms  asin'figi<7?^ 
Pl&te  XI.  Vol*  2,  but  differently  arranged.  The  instant/  hflftri* 
everi  thiU;  such  a  particle  is  set  at  liberty  from  the  coercive  foToe 
by  iwhich  it  was  formed,  the  light  which  forms  the  positive  «liuv 
£EBfffy  of  the  oxygen,  the  positive  atom,  finding  a  force  of  resist 
tclneeria  the  atmosphere  of  the  hydrq^en,  the  negative  atcpn, 
kds  than  its  own  propelling  force,  will  flow  towards  the  hyidbrogen 
(without  quitting  its  own  atom)  and  at  the  same  time  repel  the 
positive  force  of  the  hydrogen  towards  its  negative  surface 
(48);ithe|*e  will,  of  course,  be  amoment  when  the  two  atoms  wiU 
bd  inanitural  state,  and  at  that  instant  they  will  assui«^ 
tiiJbirigaseous'form.  It  is  therefore  evident  that  in  a  line  of 
eboti^ytki.aitoms,  the  poles  of  which  have  been  reversed,  thd 
fiofstllatdmof  the  positive  element  and  the  last  atom  of  th<d 
negative  element  must  be  set  at  liberty,  unless  they  find  dt 
thd  ^electrodes  elements  with  which  they  can  enter  into  a  iie# 
state  of  combination.  The  intermediate  atoms  will,  of  course, 
form  particles  in  the  natural  order  of  their  polar  forces  (69). 
These  changes,  let  it  be  observed,  are  not  made  by  a  trans- 
fer of  any  cohesive  force  from  the  atoms  separated  to  the 
atoms  which  form  new  combinations ;  but  by  a  general  transfe^r, 
in  whijch  the  whole  of  the  atoms  alike  participate,  and  whidbk 
leaves  eivery  atom  in  possession  of  its  natural  forces  diiSeifently 
artAug^d. 

104.  Our  knowledge  rested  at  the  point  we  have  just  left; 
namely,  that  water  interposed  between  plates  of  zinc  and 
copper  6t  zinc  and  platina  was  decomposed,  provided  a  me- 
tallic communication  was  made  between  some  other  points  of 
the  plates,  either  by  direct  contact  or  through  the  medium  of 
a  metallic  conductor  (such  as  A  B,  fig.  78,  Plate  XL  Vol.  2), 
when  Dr.  Faraday  made  the  discovery,  that  metallic  contact 
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mightbe  altogether  dispensed  with  ;*  that  the  wire  A  B.might 
be  broken  and  a  fluid  introduced,  (as  in  figs.  68  69,  and  71, 
Plate  X.),  when  certain  conditions  with  regard  to  the  natura 
of  the  fluid  are  attended  to,  without  preventing  the  production 
of  the  voltaic  current.  These  conditions,  as  stated  by  Dr. 
Faraday,  are,  that  the  set  of  chemical  affinities  for  the  zinc  in 
the  fluid  between  the  plates  should  have  sufficient  strength 
to  overcome  the  resisting  chemical  affinities  in  the  fluid 
introduced  between  the  wires.     (Researches  884.  891.)  . 

105.  I  have  already  observed  that  the  electrolyte  in  fig; 
78,  Plate  XI.  Vol.  2,  takes  the  polar  arrangement  there  dcB-i 
cribed  in  consequence  of  the  negative  state  of  the  surface  of  this 
zinc  and  the  positive  state  of  the  copper  induced  by  the  ootxt^ 
iBunioation  ofthe  opposite  surfaces  of  the  plates  through  the 
medium  of  the  wire  A  B  (144).  Now,  if  this  wire  be  broken  at 
any  point  between  the  copper  and  the  zinc,  the  inductive  influ^o 
ence  ofthe  plates  upon  each  other  being  preserved  in  the  same 
order  by  the  introduction  of  some  other  conducting  body  b©-» 
tween  the  points  ofthe  wires  thus  divided,  the  point  ofthe  wifffl 
A  proceeding  from  the  zinc  will  present  to  the  interposed  body 
a  positive  surface,  and  the  point  B,  proceeding  from  the 
copper  will  present  to  it  a  negative  surface ;  the  induced  sur- 
f£tces  at  the  points  of  the  wires  will  therefore  be  in  opposite 
states  to  the  induced  surfaces  of  the  plates  which  produced 
the  arrangement  in  the  electrolyte  placed  between  them.  If, 
then,  the  body  interposed  between  the  points  of  the  wires  be 
a  fluid,  its  positive  element  will  be  turned  towards  the  wire 
proceeding  from  the  copper  and  its  negative  element  will  be 
directed  towards  the  wire  which  proceeds  from  the  zinc,  as  in 
figs.  68, 69,  and  71,  Plate  X.;  and  this  will  be  the  case  whether 
the  wires  be  formed  of  the  same  materials  with  the  plates  from 
which  they  proceed,  or  of  any  other  metals. 

*  We  are  much  obliged  to  Mr.  Cooper  for  reminding  us  of  this 
discovery.  We  have  long  viewed  it  as  an  important  fact  in  the 
theory  of  voltaic  electricity.  Dr.  Faraday  also  saw  the  importance 
of  this  fact  at  least  four  years  before  he  ventured  to  claim  it  as  his 
own  discovery.  He  has  made  it  the  theme  of  his  Eighth  Series^ 
claiming  all  the  credit  of  the  discovery  to  himself.  Dr.  Faraday 
has  now  enjoyed  the  unmolested  credit  of  this  discovery  more  than 
four  years;  and  as  the  fact  itself  has  attained  some  degree  of 
repute  in  the  philosophical  world,  some  further  information  respect- 
ing its  history  may  possibly  be  interesting  to  many  of  our  readers. 
Perhaps  they  will  hardly  suspect  that  Dr.  Faraday  made  the  discovery 
in  a  pamphlet  which  was  published  in  1830:  and  that  the  said 
pamphlet  was  consulted  at  the  time  he  was  writing  his  Eighth 
Series.— We  hope  Dr.  Faraday  wUl  be  as  prompt  on  this,  as  on  a 
former  occasion^  in  taking  advantage  of  his  favorite  motto,  ^^  Delays 
are  dangerous.*'    Edit. 
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106.  Th6  manner  in  which  the  polar  forces  are  propagated 
in  the  wires  is  shown  in  figs.  71  and  72.  The  atoms  of  the 
wire  are  all  arranged  so  as  to  prevent  alternately  positive  and 
negative  surfaces  in  the  direction  in  which  the  current  is  to 
be  transmitted  ;  the  wire,  therefore,  in  this  state  is  as  much  a 
non-conductor,  as  the  fluid  under  the  influence  of  polar  £nir* 
faces  represented  in  fig.  79,  Plate  XI.  Vol.  2.  But  in  the  present 
case^  there  being  no  natural  diflerence  of  capacity  in  the  atoms 
of  the  wire,  the  whole  of  the  positive  surfaces  and  the  whole  of 
the  negative  surfaces  are  of  uniform  intensities,  andif  they  could 
be  turned  at  right  angles  to  their  present  position  would  both 
form  channels  ^of  light  in  right  lines  for  the  transmission  of 
the  current ;  this,  however,  is  opposed  by  the  inductive  influ- 
ence and  polar  attraction  of  the  plates,  and  the  polar  surfaces 
of  the  atoms,  taking  a  middle  course,  unite  so  as  to  form 
spiral  lines  of  uniform  intensities  in  the  direction  in  Which  the 
current  of  light  is  to  be  transmitted.  These  spirals  are  formed 
at  different  angles  under  difierent  circumstances ;  and  ^hen 
the  galvanometer  is  introduced  into  the  course  of  the  current 
it  indicates  the  inclination  of  the  polar  surfaces. 

Hence  it  is  that  bodies  which  are  conductors  of  electricity 
upon  the  principle  of  decomposition  when  fluid,  generally 
become  non-conductors  when  solid;  the  diflerent  capacities 
of  their  atoms,  which  is  essential  to  their  electrolytic  arrange- 
ment, being  opposed  to  their  forming  spirals  of  uniform 
intensities.  Dr.  Faraday  found  that  in  almost  every  instance 
bodies  which  conduct  a  voltaic  current  when  fluid,  and  refuse 
to  <;onduct  it  when  solid,  are  decomposable  by  electricity. 
(Fourth  Series  of  Researches.) 

107.  But  there  is  one  condition  which  is  essential  to  the 
arrangement,  as  they  are  described  in  the  figures ;  the  fluid 
introduced  between  the  points  of  the  wires  A  and  B  must  be 
a  better  conductor  of  the  inductive  forces  of  the  plates  than 
the  fluid  which  is  interposied  between  the  plates  themselves ; 
for  if  the  latter  be  a  better  conductor  of  these  forces  than  the 
former,  the  whole  of  the  arrangements  will  be  made  in  the 
reverse  order,. and  the  current  will  also  be  reversed.  If,  for 
instance,  a  wire  be  introduced  between  the^inc  tod  platina 
plates,  fig.  71,  as  represented  in  fig.  72,  the  polar^arrange- 
ments  will  be  reversed ;  the  wire  A  will  present  a  negative 
surface  and  the  wire  B  a  positive  surface  to  the  iodine  of 
potassium;  the  iodine  will  be  directed  towards  the  wire  A  and 
the  potassium  towards  the  wire  B;  and  the  current  will  be  from 
A  to  B,  with  decomposition  of  the  iodine  as  before  (115). 
(Researches  882.) 

108.^  It  appears,  then,  that  the  direction  lof  the  current 
depends  in  a  great  measure,  if  not  wholly,  upon  the  co^dueting 
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qualities  of  the  bodies  by  which  the  opposite  surfaces  of  the 
plates  are  connected ;  that  when  both  these  bodies  are  elec- 
trolyteSj  that  which  presents  the  weakest  set  of  chemictd 
afEnities  ifi  the  best  conductor  .and  determines  the  course  of 
the  current  which  passes  through  it  to  be  from  the.platina  to 
the  zinc,  being  the  same  direction  as  when  the  communication 
i^  made  by  metallic  contact.  It  will  be  seen  that  the  latter 
part  of  this  statement^  as  it  relates  to  the  chemical  affinities 
^f  the  two  electrolytes,  is  made  in  accordance  with  the  opinion 
of  Dr.  Faraday.     (Researches  89 1 .) 

'  109.  I  think  I  perceive  in  this,  a. clue  to  the  solution  of 
the  difficulty  I  have  already  stated,  with  regard  to  the  origin 
of  the  eleot]X)-«motive  force  in  the  voltaic  current  (92).  Two 
things  appear  to  .me  to  be  very  evident;  the  first  is,  that,  in 
accordance  with  our  general  law,  the  current  is  always  from 
.the  negative  surface  of  one  metal  to  the  positive  surface  of 
the  other :  the  second,  that  the  opposite  surfaces  of  the  plates, 
in-ord^  to  produce  a  jpolar  arrangement,  must  be  connected 
by  conductors  of  different  conducting  powers.  The  best 
conductor  of  the  inductive  forces  establishes  a  positive  polarity 
•on^the  surface  of  the  positive  metal  and  a  negative  polarity 
on  the  sur&ce  of  the  negative  metal,  when  they  are  connected 
by  it ;  the  opposite  surfaces  of  the  two  metals  being,  of  course, 
in  opposite  states.  The  current,  then,  with  whatever  remains 
vof  its  original  force,  constantly  proceeds  from  the  negative 
metal  through  the  best  conductor  to  the  -positive  metal,  and 
from  the  positive  metal  through  the  inferior  conductor  to  the 
negative  metal,  as  in  fig.71  and  72,  Plate  X.  Now,  if  we  refer 
to  figs.  82  and  83  Plate  XI.  Vol.  2  (or  to  any  others  which  are 
explained  upon  the  same  principle)  and  reduce  the  electro-mo- 
tive force  of  copper  to  zinc  from  two  to  one,  being  the  difference 
of  the  forces  of  hydrogen  and  zinc  for  oxygen,  it  will  bring  the 
.  electro-motive  forces  equal  in  both  directions ;  but  the  nietallic 
communication  between  the  copper  and  the  zinc  forms  a  better 
.conductor  of  the  inductive  forces  of  the  metals  thaathe  electro- 
lyte by  which  their  opposite  surfaces  are  connected,  and,  con- 
formably to  the  precechng  observations,  a  positive  polarity  is 
'induced  upon  that  surface  of  the  positive  metal  which  is  in  nie- 
.tallic  communicaikion  with  the  negative  metal,  and  a  negative 
.polarity  upon  the  surface  which  communicates  with  it  through 
.themediuin  of  the  electrolyte.  In  accordance,  then,  with  the 
law  before  referred  to  (54),  the  current  is  jfrom  this  negative 
surface  through  the  fluid,  with  decomposition,  to  the  positive 
surfistce  c£  the  negative  metal,  as  indicated  by  the  arrows. 

1 10.     That  the  current  is  always  from  the  negative  surface 
'of  one  metal  to  the  positive  smdEa^e  of  the  other,  is  a  necessaiy 
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result  from  theoretical  confiiderationa  (52);  and  it  hasheea 
confirmed  by  every  experiment  referred  to  in  the  course  of 
this  investigation  which  has  been  calculated  to  display  it. 
That  the  opposite  surfaces  of  the  plates,  in  order  to  produce 
a  polar  arrangement,  must  be  connected  by  conductonrs  of 
ditferent  conducting  powers  will  be  apparent  from  a  little 
consideration.  .  When,  in  the  experiments  of  Dr.  Faraday, 
plates  of  platina  and  zinc  were  plunged  into  a  vessel  contain- 
ing dilute  sulphuric  acid,  without  being  in  ccH^tact,  the  forces 
on  the  surfaces  of  the  plates  were  so  exactly  balanced  that  no 
arr«Agement  of  this  kind  could  take  place.  When  these 
plates  were  connected  by  platina  wires  proceeding  from  them, 
through  the  medium  of  a  fluid  of  the  same  kind  as  that 
contained  in  the  vessel  (Researches  903.)  the  circumstances 
were  npt  at  all  changed,  the  surfaces  were  still  in  communica- 
tion through  the  medium  of  conductors  of  equal  powers,  and 
the  electrolytic  arrangement  in  fig.  98,  representing  the 
position  of  the  particles  of  water  and  the  state  of  thedi0(^e^t 
surfaces  of  the  metals  which  would  have  been  required  to 
produce  the  decomposition  of  the  former,  did  not,  in  faot>  take 
place.  Hence  the  fluid  in  such  cases  continues  to  be  a  con^- 
ductor  of  electricity^  as  under  ordinary  circumstances,  when 
it  is  not  exposed  to  the  influence  of  polar  forces. 

Our  voltaic  batteries  are  all  formed  upon  the  principle  of 
connecting  the  opposite  surfaces  of  the  plates  by  c<mductor8 
of  difierent  powers ;  the  connexion  being  generally  metallic 
on  one  side,  and  through  the  medium  of  the  electrolyte  on 
the  other.  In  the  dry  pile,  this  principle  is  preserved  by 
bringing  the  metals  into  contact  on  one  side  and  interposing 
paper  between  them  on  the  other.  The  current  in  all  these 
cases,  in  accordance  with  the  general  law,  is  from  the  negative 
to  the  positive  surface. 

111..  Dr.  Faraday  varied  the  experiments  we  have  referred 
to,  in  the  following  manner.  '^  Let  two  plates,  one  of  amal- 
gamated zinc  and  the  other  of  platina,  be  placed  parallel  to 
each  other  (fig.  73),  and  introduce  a  drop  of  dilute  sulphuric 
acid,  tfy  between  them  at  one  end :  there  will  be  no  sensible 
chemical  action  at  that  spot  unless  the  two  plates  are  connected 
somewhere  else,  as  at  P  Z,  by  a  body  capable  of  conducting 
electricity.  If  that  body  be  a  metal  or  certain  forms  of  carbon, 
then  the  current  passes,  and  as  it  circulates  through  the  fluid 
at  y,  decomposition  ensues."     (Researches  889.) 

112.  Then  remove  the  acid  horn  y,  and  introduce  a  drop 
of  iodide  of  potassium  at  a?,  fig.  74.  Exactly  the  same  set,c^ 
efiects  occur,  except  that  when  the  m^t^Uic  communication  is 
made  at  P  Z,  the  electric  current  is  in  the  opposite  direction. 
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to  what'it  was  before,  as  indicated  by  the  arrows,  which  show 
the  coarees  of  the  currents."     (Researches  890.) 

113.  **  We  find  that  when  the  solutions  are  used  at  oppo- 
site eiids  of  the  plates,  as  in  the  two  last  experiments,  metallic 
contact  being  allowed  at  the  other  extremities,  the  currents 
are'  in  opposite  directions.  We  have  evidently,  therefore,  the 
powei*  of  opposing  the  actions  of  the  two  fluids  simultaneously 
tt)'€ttMch  other  at  the  opposite  ends  of  the  plates,  using  each 
one  as  a  conductor  for  the  discharge  of  the  current  of  elec- 
tricity;, which  the  other  tends  to  generate;  in  feet,  substituting 
them  for  metallic  co&tact,  and  combining  both  experiments 
into  oi^e  (fig.  75)."     (Researches  891.) 

1 14.  TObe  figures  are  drawn  upon  a  much  larger  scale  and 

in  diferent  proportions  to  the  corresponding  figures  of  Dr. 

Fafi^vilty,  in  order  to  show  the  manner  in  which  the  polar  sur- 

faei?»of'the  atoms  of  the  different  elements  are  connected  with 

each^othfer.     In  fig.  73,  the  metals  being  connected  by  a  wire 

at 'R^  j  ia'positive  surface  is  induced  upon  the  zinc,  and  aiaega- 

tivi^  surface  upon  the  platina,  at  the  points  at  which  the  wire 

is  i^  'dontact  (106).     1  he  polarity  thus  induced  is  propagated 

through  the  two  metals,  from  atom  to  atom,  until  it  reaches 

the  acidulated  water  at  y,  where  the  zinc,  of  course,  presents 

a  negative  surface,  and  the  platina  a  positive  surface ;  the 

former,  therefore,  attracts  the  oxygen,  the  positive  element;' 

and  the  latter  the  hydrogen,  the  negative  element  of  the  water, 

producing  the  arrangement  described  in  the  figure.      The 

course  of  the  current  is  from  the  negative  siirface  of  the  platina 

through  the  wire,  to  the  positive  surface  of  the  zinc,  and 

thjtough  the  zinc  to  the  point  at  which  it  presents  a  negative 

surface  to  the  fluid  at  y ;  passing  through  which,  with  decom^ 

position  in  the  manner  already  described  (69),  it  again  enters 

the  platina  to  complete  the  circuit. 

115.  In  fig.  74,  every  thing  is  precisely  the  same  with  the 
exception  of  the  substitution  of  the  iodine  of  potassium  for 
the- acidulated  water ;  the  iodine,  the  positive  element,  occu»- 
p^g'tbe  place  of  the  oxygen,  and  the  potassium,  the  nega- 
tire  ©tetoent,  taking  the  place  of  the  hydrogen.  The  cutrent 
is  in  the  opposite  direction  merely  because  the  metallib  com- 
munication is  made  at  the  opposite  ends  of  the  j^ates,  as  may 
be  seen:  in  fig:  74 ;  and  the  decomposition  of  the  iodine  of 
potassium  is  effected,  in  the  usual  manner,  by  reversing  the 
poles  of  the  atoms  which  form  the  lines  of  particles  between 
the  zinc  and  the  platina;  the  terminating  atoms  of  the  iodine 
being  united  to  the  zinc  and  the  terminating  atoms  of  the 
potassium  separated  at  the  surface  of  l^e  platina.  (See Re- 
searches 882). 
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116.     In  fig.  74|  the  iodiae  of  potassium  occupies  the  place 
of  the  wire  in  the  two  former  experiments ;  but  it  is  here  pre* 
sented  to  a  positisre  «ir&oe  of  the  zinc  and  a  negative  siudhce 
of  the  platina,  and  the.potaasiumis  in  consequence  directed  t« 
the'fcHrmer,  and  the  iodine  to  the  latter.  (See  Researdies  88 1 ). 
The  current' being  now  horn,  the  platina  to  the  zinc^  the  iodine 
is  separated  at  the  surface  of  the.platina,  and  the  potassium 
atftiiesurfiftcae  of  the  zinc^  the  whole  of  the  arrangements  witJi 
vegarddo  its  decomposition  being^reversed  (104).  If  the  wires 
A  and  B  in  figs.  71  and  72  are  formed  of  the  same  metals  as 
the  lilates  from  which  they  proceed^  the  experiments  to  which 
'they  refer  will  be  exaotly  similar  in  principle  to.  those  we.  haye 
here  explained.     I  need  not  say  that  although  only. single 
particles  of  the  fluids  are  xepresented  between  the  plates  at  x 
and  jfy  the  spaces  contain'  many  thousands,  all  of  which  have 
theisame  directions  as^those  described.* 
'    tl7.     If  we  adopt-the  explanation  of  the  origin.of  the  deo* 
itvo^motive  force  as  it  isstated  in  a  former  part  of  this  paper 
(A3.),:  we  must  conclude  that  the  (mrrent  is  put  in  motion  in 
^.  73  by  a  balance  of  force  arising  from  the  decomposition  of 
3k£e.waterandithe  union  of  iits  oxygen  with  zinc.     In  fig.  74 
ihe  ferce  must  arise  from  the  decomposition  of  the  iodine  of 
fiotassium  and  the  union  of  its  iodine  with  the  zinc.  In  fig.  15 
the  force  must  arise  from  the  same  cause  as  in  fig.  73;  but  as 
^he /iodine  of  poiassium  is  in  ^  an  opposite  direction  to  what  it 
!was  in  fig.  74,  the  balance  of  its  electro-motive  forces  will  be 
drevexsed,  and  a  part  of  the  force  arising  from  the  decomposition 
fl£  the  water  at  y,  will  be  expended  in  overcoming  the  resist- 
!^nce  ci  the  iodine  of  potassium  to  decomposition  at  w  (142). 
If^  on  the.  other  hand,  w«  suppose  the  surplus  electro>motive 
iorce  to  be  wholly  derived  from  the  plates  (108),  this 'force 
must  be  greatest  when  the  current  is  conveyed  through  an 
unresisting  medium,  as  in  fig.  76,  Plate  XI.  Vol.  2 ;  for  if  there 
'be  norbalance  of  force  arising  from  the  decomposition  of  the 
^ectroLy  tci  the  indisposition<which  ellbodie&have  to  undergo  a 
chas^ofstatemustiM^uce  resistance,  and  the  currentwill 
pasR  through  the  wire  AB,  fig.  78,  Plate  XI.  Vol.  3  with  less 
•force  :than  through  the  wire  in  fig.  76.    If,  again,  the  wire  A 
B  foe  broken,  as  in  fig.' 71,  Plate  X.,  and  another  electrolyte 
introduced^  its  decomposition,  even  supposing  no  balance  of 

'  *  The  elliptic  form  given  to  the  circuit  in  these  figures  is  mertly 
intended  to  show  the  manner  in  which  the  different  elements  are 
*connected;  and  fact  with  any  Tiew  to  the  actual  form  of  the  civye 
«n  these  occasJong,  which  L  anLof  opinion  always  appvoschesy  at 
nearly  as  circumstances^ will  allow^  to  the  magnetic^  curve. 
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ekoltro-tnotive  force  to-be  opposed  to  it^)  will  prodxioeB  farther 
loss  of  force  in  the  cmrrent . 

It  appears  to  me,  however^  that  the  loss  of  ibite-  produocd 
by  d^ompositioiij-arises  from  the  reverse. order  in  whidh  the 
eleettolyte  is  a^t^oy^ .preheated.  JSy  referrifig  vto  /fig*  .73  wt 
fnay- observe  that  the  osygenpresecls  a  negatiiiEesotface  to  a 
negative  surface  <rf  the  zinc,  and  the  hydrogen  a  poeitive  sur* 
fece  to  a  positive  surface  of  the  platina,  whereas  the  wire  pre«> 
(Sents  a  positive  surfebce  to  a  negative  surface  of  the  platins^ 
and^  negative  surface  to  4he  positivesor&ee  of  the  zinc ;  the 
•lattery  daerefbre9  0(Ser&  no  resiHtance  to  the  propagation  of  the 
inda^ive  forces  of  the  plates  fr6m  one  to  the  othHsr^  while  the 
fiMrmer^'bdng  in  the  revcorse  order 5  is  i  presented  tmder  similar 
jcircumstaoces  to  a  reva*8ed  pair  rof  plates  in  a  voltaic  battery;, 
whi^h  requires  tobebroughtinto  the  proper  order  before  they 
can  transmit  the  inductive  forces  of  the  .plates  with  which 
they  ai%  associated.  (Researches  1046.)  Thus,  ihe  loss  of 
ekotro-hiotive  force  in  the  current  increases  with  the  inoceaded 
arffinities  of  the  elements  of  the  electrolyte  which  is  decoioposed, 
els  the'lo^S'  of  the  same  force  increases  in  the  battery  wifli  tfae 
iacreaged  difference  of  electrical  force  in  the  plates  which  nx^ 
presented  in  the  reverie  order.  It  appears  probable,  therefore, 
that  decomposition  is,  under  all  circumstances,  effi^oted  at  die 
expense  of  a  part  of  the  electro-motive  forces  of  the: two  ntetals 
which  the  electrolyte  is  the  means  of  bringmg  into  commnni- 
eation  with  each  other  to  form  tlhe  ciiicuit  (141, 142).  • 
'  118j  Whichever  of  these  explanations  be.  adopted;  'the 
continuous  character  of  the  current  must  be  a^ibu^ed*to  the 
^reakitig  of  the  circuit  when  the  decomposition  jof  a  qpartide 
of  the  electrolyte  is  completed,  in  order  torform  a  new  arrange- 
ment that  the  process  may  be  repeated  (69).  Upon  the  ^ir- 
eeuit  b^ing  thus  interrupted,  theidatesreturnrto  the  intermediate 
4itate  which  would  arise  from  the  removal  dF  the  wire  in-fig.  76, 
Plate  XL  Vol.  2  (58) ;  andiipon  its  being  againB^Msmplet^y  by 
the'replaci^'of  the  particles'of  ihe  ekctroly tein  theiir  fofmer 
4»der,  the  ^current  will-be  renewed,  as  it  would  be  by  replacii^ 
4}fte^  wire  do  the  figureTeferred  to.  The  genfirid  {cmrrent  is  not 
a^cted  by  these  interruptions,  because  it  is  suf^lied  by  the 
jiumeraus  atoms  upo&t  the  surfaces  of  the:  plates,  each  of  which 
'Bpon  one  puts  is  connected  with  an  etona>i:q^n  the  sazfece  of 
4he  opposite^plate,  by  a:lineof  particles  in  the.electrolyte,  so  as 
:to  form  a  circuit  independent  of  every:  other  circuit ;  one  part, 
'therdfj(»e,  supplies  the  cuirent  while  the  circuits -^of  tLe  other 
-!p«Etare.brokenandinastate  of  preparation.  Ghemical  action, 
then,  s^pears  to  produce  a  constant  current,  simply,  by  altesr- 
nately  breakkig  and  comptUting^  these  cBfcoits  ..with,' gfeat 
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rapidity;  the  acid,  alkali^  or  salt,  usually  added  to  >¥ater, 
being  of  no  other  use  than  to  facilitate  the  necessary  arrazige* 
ments  (70,  130). 

119.  The  following  interesting  experiment  appears  to  me 
calculated  to  throw  considerable  light  upon  the  part  of  this 
subject  which  relates  to  the  conduction  of  the  inductive  or 
deranging  forces.  '^  Dr.  Faraday  took  a  voltaic  appaaratas 
consisting  of  a  single  pair  of  large  plates,  namely,  a  cylindeir 
of  amalgamated  zinc,  and  a  double  cylinder  of  copper.  These 
were  put  into  a  jar  containing  dilute  sulphuric  acid,  and  coald 
at  pleasure  be  placed  in  metallic  communication  by  a  copper 
wire,  adjusted  so  as  to  dip  at  the  extremities,  into  two  cups  of 
mercury,  connected  with  the  two  plates.  Being  thus  arranged, 
there  was  no  chemical  action  whilst  the  plates  were  not  con« 
nected.  On  making  the  connexion,  a  spark  was  obtained', 
and  the  solution  was  immediately  decomposed.  On  biieaking 
it,  the  usual  spark  was  obtained  and  decomposition  ceased.^ 
(Researches  956,  957.) 

120.  In  this  experiment  it  is  evident  that  the  circuit 
which  conveyed  the  inductive  forces,  was  completed,  through 
the  medium  of  the  air  between  the  points  of  the  wires,  before 
the  electric  current  was  produced ;  and  that  the  metals  and 
the  electrolyte  acquired  from  it  what  Dr.  Faraday  has  very 
happily  called  a  state  of  tension.  (Researches  956.)  Every 
part  of  the  drcuit  was  in  possession  of  a  force  exerting  it^eli 
to  produce  the  changes  which  could  only  be  completed  upon 
the  passing  of  the  current ;  and  it  proves  very  clearly,  what 
I  have  elsewhere  stated*  (20),  that  the  inductive  force  is  con- 
veyed perfectly  independent  of  the  current,  the  latter  being  a 
consequence  and  not  the  cause  of  the  former. 

121.  The  force  of  the  electric  current  in  every  case,  both 
in  electrics  and  conductors,  is  produced  by  the  state  of  tension 
arising  from  a  previous  transmission  of  the  inductive  or  de* 
ranging  forces.  There  is,  consequently,  no  proof  in  the  present 
experiment  that  the  air  is  a  better  conductor  of  induction 
than  of  the  light  which  is  required  to  complete  the  derangei-' 
ment,  because  the  former  necessarily  precedes  the  latter,  etren 
supposing  the  conducting  power  of  the  air  to  be  equal  for' both ; 
but  we  have  this  proof  in  a  variety  of  other  experiments. 
When,  for  instance,  we  bring  a  body  charged  with  electricity 
within  a  short  distance  of  an  uninsulated  conductor,  the  de* 
ranging  influence  of  the  electric  is  conveyed  through  the  air ; 
but  the  current  of  light  required  to  complete  the  inductive 
process  takes  place  between  the  conductor  and  the  ground 

*  Abstract  16. 
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with  which  it  is  in  communication.  When,  again,  the  con- 
diioto  is  insulated  and  placed  at  the  same  distance  from  tb^ 
chai^d  body  as  in  the  last  experiment^  the  state  of  tension 
which  preceded  the  current  must  be  produced  as  before ;  but 
the  insulated  position  of  the  conductor,  prevents  its  commu- 
mcation  with  the  ground,  and  as  there  is  no  current  under 
these  circumstances  between  the  charged  body  and  the  con- 
duoUxEy  we  may  conclude  that  the  air  is  a  better  conductor  of 
tjfie  deranging  force  than  of  the  light  which  is  necessary  to 
oem{>tete  the  derangement;  the  conduction  of  the  former 
b^ing  proved  by  the  first  experiment,  and  the  want  of  con* 
duotiion  for  the  latter  by  the  last.  Hence  the  cause  of  th^ 
spark  in  Dr.  Faraday's  experiment  becomes  evident ;  the  in^ 
<&ctive  force  being  ccmveyed  a  greater  distance  through  the 
air  than  that  through  ^hich  the  current  would  pass,  produced 
aistlbta^of  tension  in  the  circuit;  and  to  satisfy  this,  the ^ur^ 
onti  paa$ed  through  the  air  u^on  the  points  of  the  wire  coming 
witbuii-tfae  distance  at  which  the  light  could  be  transmitted 
by  it.  On  breaking  the  connexion  the  circuit  returned  to  its 
previous  state  (58),  and  the  current  necessary  to  complete 
this  flitcte  passed  through  the  air  as  before,  but  in  a  contrary 
direction.  When  the  inductive  force  is  conveyed  through 
glasa  or  any  other  electric  which  altogether  prevents  the 
passing  of  the  current,  the  independent  character  of  the  de- 
xanging  force  becomes  still  more  evident. 

122^  While  I  am  writing  this,  an  abstract  of  Dr.  Faraday -s 
eterentibi  series  of  "  Experimental  Researches  in  ElectWoity'* 
y^sA  been  put  into  my  hands.*  From  this  abstract  I  am  glad 
to  leam  that  Dr.  Faraday  has  turned  his  attention  to  the 
iatereating  subject  in  which  we  are  at  present  engaged ;  but 
I  am  still  more  gratified  to  find  that  he  has  been  led  to  the 
conclusion,  ^'  that  common  induction  is  in  all  cases  an  action 
€^ contiguous  particles y  and  that  electrical  action  at  adistance, 
which  is  what  is  meant  by  the  term  induction,  never  occurs 
eKceptthrough  the  intermediate  agency  of  interveningmatter.** 
And|  aW,  that  he  is  convinced  *'  that  induction  is  the  result 
o£,«eti0i^  among  the  individual  and  contiguous  particles  of 
maibteiv. having  both  forces  developed  to  an  extent  exactly 
ecfual  in  each  particle.' 

>12d^  That  induction  is  in  all  cases  the  result  of  a  suc- 
cession of  actions  between  contiguous  atoms  of  matter ;  that 
electrical  induction,  in  common  with  every  other  kind  of  de- 
rangement, is  extended  to  bodies  indiscriminately,  from  atom 

"   *  Dr.  Faraday's  Eleventh  and  Twelfth  Series  of  Experimental 
Researches  will  soon  appear  in  these  Annals.    Edit. 
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to  atom^  until  th&foree  is  exhausted,  consequently,  that  it  is 
conveyed  to  a-  distance  iltrough  the  interinediate  a^ncy  of 
intervening  matter ;  and  that  the  positive  and  negati\%  foEces 
are:  equally  developed  in  each  atom,  except  in:  cases  where 
this  equal  development  is>  prevented  by  the  resistance  of.  othet 
forces,  are  sofme.of  the  leading)  principle&p  of  the  theory  I  am 
now  endeavQuring  toilltistrate.. 

124..  The-  enquiriz^  and  penetrating  mind  of  Dr.  FaradajF 
will  not  long  rest.  here.  From  a  knowledge  of  the  equal 
de^^pment  of  the  two  forces  in.  each  particle,  he  will  be  led 
to  observe  that  the  paiticks  benome  neutralized  by  thetranafer 
of  something  connected  with  these  forces. from  one  side  oith^ 
particle  to  the^  other,  and  he  will  naturally  condude  that  this 
is  the  eLeetric'fluid.  He  will  then  perceive  that  this  fluid  has 
at  least  some  of  the  properties,  of  common  light ;  that  if  the 
air  be  made  part  of  the  medium  through  which  it  is  transmitted, 
the  dissipation  of;  light  on  its  passing  thioogh  this  medium, 
will  as  usual  take  place ;  and  if  the  experiment  be  made  in  a 
room  otherwise  dark,  objects  will  be'  seen  by  it  as  with  light 
from  the  ^aun  or  from  a  candle  transmitted  by  the  same 
medium).  >  He  will  then,  perhaps,,  recollect  that  the  fluid 
transferred  from'  one  side  of  the  particle,  (atom)  to  the  other 
still  >adher«s^  to  it ;  and  as  it  is  a  matter  df  indi£ferenoe  which 
side  of  the  particle  (atom)  is  presented  to  the*  inductive  force^ 
he  will  naturally  conclude  that  it  forms  a  kind  of  atmosphere 
which  surrounds  it.  The  retroUection  ihat  this  atmosphere  is 
flamed  of  a  fluid,  the  atoms  of  which  are  known  to  repel  each 
other,  will  probably  suggest  the  idea  that  it  may  be  the  cause 
of  the  elasticity  of  bodies,  by  keeping  their  atoms  and  particles 
at  certain  distances  from  each  other.  .  These  distances,  then, 
being  increased  by  the  addition  of  caloric,  it  would  .be  un- 
philosof^ical  to  introduce  two  agents  to  perform  the  same 
operation;  and  the  inference  will  be,  that  the  electric  fluid 
end  cak»*ic  are-  the  same.  But  if  the  caloric  be  added  beyond 
a  certain  quantity,  the  repulsive  force  of  its  atoms  will  put  m 
motion  the  similar  atmospheres  of  surrounding  atoms*  and 
give  it  the  form  of  a  current,  either  as  radiant  heat,  or^  when 
of  greater  intensity  and  projected  with  greater  foree,  as  hghl. 
It  will  thus  be  readily  discovered  that  light  and  caloric  are  the 
same,*  the  <me  in  motion  the:  other  at  rest ;  and  that  the 

*  Sir  H.  Davy  ought  to  have  drawn  this  conclusion  when  he 
discovered"  that  the  heat  of  flames  may  be  actually  diminished  by 
increasing  their  light,  and  vice  vers£."  Experiments  and  new 
views  respecting  Flame.     Brande's  Journal,  Vol.  II.  p.  124. 

The  experiments  on  which  this  discovery  was  founded  are  now 
very  generally  applied  in  the  combustion  of  coal  gas  for  the  pvo- 
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phenomena  of  electricity  are  produced  by  the  imequal  dis- 
tribution of  this  fluid  upon  the  surfaces  of  the  atoms  to  which 
it  is  attached* 

125.  If  these  observations  should  meet  the  eye  of  Dr; 
Faraday  I  hope  he  will  excuse  the  liberty  I  have  taken  in 
making  use  of  his  name  so  freely.  I  can  assure  him  that, 
notwithstanding  he  has  passed  over  my  humble  labours 
unnoticed^  it  has  given  me  unmixed  satis&ction  to  find  that 
after  travellingthe  same  road  many  years  in  opposite  directions, 
he  having  proceeded  from  experiment  to  theory,  and  I,  by  a 
process,  I  trust,  equally  inductive,  from  theory  to  experiment, 
we  have  at  length  crossed  each  other^s  path ;  and  I  take  this 
opportunity  of  acknowledging  the  great  and  essential  advan- 
tages I  have  derived  from  his  beautiful  and  masterly  experi* 
ments,  by  appealing  to  them  as  tests  of  my  own  theoretical 
views. 

126.  The  following  experiments,  though  they  do  not 
introduce  any  new  principle,  will  place  those  we  have  already 
investigated  in  a  somewhat  different  point  of  view. 

Dr.  Faraday  divided  a  cylindrical  glass  cup  down  the 
middle  into  two  halves,  and  after  introducing  bibulous  paper 
between  them  pressed  the  two  halves  together  by  means  of  a 
brass  ring  so  as  to  render  the  cup  water  tight;  The  two 
spaces  thus  produced  were  called  the  cells  A  and  B.  Dilute 
sulphuric  acid  was  put  into  the  cell  A,  and  a  strong  solution 
of  caustic  potassa  into  the  cell  B ;  a  plate  of  clean  platina 
was  then  put  into  each  cell  and  connected  with  a  deUcate 
galvanometer;  but  no  electric  current  could  be  observisd. 
(Researches  937,  938.)  ^ 

127.  ^*  When  one  of  the  platina  plates  was  remi/ved  and  a 
zinc  plate  substituted,  either  amalgamated  or  not,  a  strong 
electric  current  was  produced.  But  whether  the  zinc  were 
in  the  acid  whilst  the  platina  was  in  the  alkali,  or  whether 
the  reverse  order  were  chosen,  the  electric  current  was  always 
from  the  zinc  through  the  electrolyte  to  the  platina,  and  back 
through  the  galvanometer  to  the  zinc,  the  current  seeming  to 
foe  the  strongest  when  the  zinc  was  in  the  alkali  and  the  platina 
in  the  acid."     (Researches  939.) 

128.  Th6  acid  being  positive  to  the  alkali>  upon  beini^ 
placed  in  the  two  cells  the  particles  of  the  solution  would 
assume  the  form  represented  in  figs.  76  and  77,  the  particles 

duction  of  heat ;  it  being  found  that  as  the  light  arising  from  the 
consumption  of  an  equal  quantity  of  gas  is  decreased,  the  heat  is 
increased ;  that  in  order  to  retain  it  as  heat  we  must  prevent  its 
radiation  as  light ;  in  fact,  that  heat  and  light  are  mutually  con- 
vertible into  each  other. 
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of  the  acid  solution  presenting  positive  surfaces  to  the  alkali, 
and  the  alkaline  solution  negative  surfaces  to  the  acid.  When 
plates  of  platina  were  put  into  both  cells,  as  in  the  first 
experiment,  the  atoms  of  each  plate  would  assume  the  same 
form  as  the  particles  of  the  solution  in  which  it  was  placed ; 
the  plate  in  the  acid  would  present  a  positive  surface  to  that 
in  the  alkali  and  the  plate  in  the  alkali  would  present  a  nega- 
tive surface  to  that  in  the  acid.  Under  these  circumstances 
there  would  probably  be  a  feeble  current  from  the  negative 
surface  of  the  plate  in  the  alkali  to  the  positive  svface  of  the 
plate  in  the  acid ;  but  as  there  could  be  no  chemical  action  to 
break  the  circuit,  when  the  plates  were  brought  into  a  state  of 
equilibrium  with  each  other  the  current  would  cease.  When 
a  zinc  plate  was  substituted  for  the  platina  plate  in  the. alkali, 
as  in  the  second  experiment,  a  current  would  take  place  from 
the  negative  surface  of  the  zinc  to  the  positive  surface  of  the 
platina  across  the  two  solutions  as  before,  but  with  greater 
force  in  consequence  of  the  dissimilarity  of  the  metals;  and 
this  current  would  be  rendered  continuous  by  the  breaking  and 
renewing  of  the  circuits  upon  the  decomposition  of  every 
particle  of  the  water  (117). 

129.  When  this  experiment  was  varied  by  substituting 
the  zinc  for  the  platina  in  the  acid,  instead  of  the  alkali,  the 
zinc  plate  presented  a  positive  surface  to  the  negative  surface 
of  the  platina,  and  the  current  took  place  through  circuits  in 
the  electrolyte,  formed  from  the  negative  suaface  of  the  zinc 
to  the  positive  surface  of  the  platina,  and  from  the  platina 
through  the  galvanometer  to  the  positive  surface  of  the  zinc 
as  before ;  but  the  circuits  being  circuitous,  as  represented  in 
fig.  77,  a  greater  resistance  was  opposed  to  the  current  and  it 
was  not  so  strong  as  in  the  preceding  experiment. 

130.  A  direct  circuit  across  the  two  solutions,  from  the 
negative  surface  of  the  plate  in  the  alkali  to  the  positive  sur- 
face of  the  plate  in  the  zinc,  gives  such  an  advantage  over 
the  circuitous  circuit  we  have  just  described,  that  when  plates 
of  zinc,  tin,  lead,  or  copper,  were  put  into  both  solutions,  the 
electric  current  was  from  the  plate  in  the  alkali  across  the 
cells  to  the  plate  in  the  acid,  and  back  through  the  galvano- 
meter to  the  plate  in  the  alkali.  The  current  in  these  cases 
is  so  powerful,  that  if  amalgamated  zinc,  or  tin,  or  lead^  be 
used,  the  metal  in  the  acid  evolves  hydrogen  the  moment  it  is 
placed  in  communication  with  that  in  the  alkali.  The 
advantage  thus  given  is  further  proved  by  this,  that  if  metals 
varying  but  little  in  their  electrical  forces  be  used,  such  as 
zinc  and  tin,  or  tin  and  lead,  whichever  metal  is  put  into  the 
alkali  becomes  oxidized,  whilst  that  in  the  acid  remains  in  a 
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metallic  state,  as  far  as  the  electric  current  is  concerned. 
(See  Researches  941,  942.) 

131.  These  experiments  are  instructive,  inasmuch  as  they 
show  that  a  considerable  electro-motive  force  may  be  gene- 
rated without  the  aid  of  dissimilar  metals,  provided  a  polar 
arrangement  be  given  to  the  plates  by  other  means.  The 
chief  advantage  derived  from  employing  dissimilar  metals,  is, 
the  production  of  this  arrangement,  without  which  there  would 
be  no  motive  for  the  particles  of  the  electrolyte  to  take  the 
direction  required  for  their  decomposition.  In  local  circuits 
the  polar  arrangement  is  made  by  the  inductive  influence  of 
the  terminating  atoms  of  oxygen  and  hydrogen  communicat- 
ing with  each  other  through  the  same  piece  of  metal,  and 
when  the  circuits  are  thus  formed  they  appear  to  be  as  effectual 
as  those  formed  between  dissimilar  metals  (73) ;  but  as  the 
polar  state  of  the  surfeces  is  the  result  of  an  inductive  influence, 
to  obtain  which  the  circuit  must  be  completed,  there  can  be 
DO  inducement  for  their  formation  in  metals  which  are  perfectly 
liomogeneous.  The  superior  chemical  action  of  simple  gal- 
vanic circuits,  when  compared  with  the  action  produced  by 
local  circuits,  may  in  a  great  measure  be  attributed  to  the 
facilities  presented  by  the  former  for  making  electrolytic 
arrangements  (72) ;  and  it  is  probable  that  much  of  the 
advantage  resulting  from  the  addition  of  acids  and  salts  to 
the  electrolyte  is  derived  from  their  forming  circuits  with 
powerful  polar  forces,  which,  though  they  are  non-conductors 
of  light,  induce  upon  the  surfaces  of  the  metals  with  which 
they  are  connected  corresponding  polarities :  and  thus  lead  to 
the  formation  of  similar  circuits  in  the  water,  the  polar  forces 
of  which,  being  less  powerful,  cannot  form  the  necessary 
arrangement,  particularly  in  local  circuits,  without  this  assist- 
ance. 

132.  The  last  experiment,  in  which  zinc  and  tin,  and  tin 
and  lead,  were  substituted  for  each  other,  proves,  not  only 
that  an  electro-motive  force  may  be  thus  generated  without 
the  aid  of  dissimilar  metals,  but  that  it  may  be  also  produced 
in  opposition  to  the  natural  relative  forces  of  the  two  metals 
(139).  The  experiments  by  Sir  H.  Davy,  which  follow,  give 
another  instance  of  this.  "  If  iron  and  copper  be  plunged  into 
dilute  acid,  the  current  is  from  the  iron  through  the  liquid  to 
the  copper :  in  solution  of  potassa  it  is  in  the  same  direction, 
but  in  solution  of  sulphuret  of  potassa  it  is  reversed.  In  the 
first  two  cases  it  is  oxygen  which  combines  with  the  iron,  in 
the  latter  sulphur  which  combines  with  the  copper,  that  pro- 
duces the  electric  current."     (Researches  943.) 

f  To  be  continued,  J 
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XXXVI.  Improvements  in  the  voltaic  battery.  By  E.  S. 
Clarke^  Esq.  In  a  letter  to  the  Editor  of  the  Annals  of 
Electricity. 

Palmerston^  near  Dublin, 
August  13,  1838. 

Dear  Sir, 

In  the  communication  which  I  had  last  the  pleasure  of 
forwarding  to  you,  I  find  that  I  merely  enclosed  the  original 
paper,  which  I  had  the  honour  of  reading  a  short  time  before 
to  the  Royal  Irish  Academy,  on  the  double  copper  sustaining 
battery  of  my  construction ;  and  that  I  omitted  to  describe  an 
alteration  in  the  form  of  that  instrument,  which  I  had  made 
subsequent  to  the  reading  of  the  paper  referred  to.  And  as 
this  alteration  renders  the  instrument  rather  more  convenient, 
I  take  the  liberty  of  sending  you  a  Very  brief  account  of  the 
same  for  insertion  in  your  very  valuable  Annals. 

It  will  be  recollected  that  in  the  form  described  in  my 
former  paper,  a  cast  zinc  ring  is  secured  by  zinc  rivets  to  the 
zinc  cyhnder  of  the  battery,  this  ring  being  of  use  chiefly  to 
enable  a  bladder  to  be  secured  upon  the  zinc  cylinder,  exclu- 
sively of  that  secured  upon  the  copper  cylinder,  whereas  the 
latter  alone  is  used  in  the  other  forms  of  sustaining  battery : 
but  in  the  altered  form  which  I  now  use,  there  is  a  loose  ring 
of  wood  or  copper  of  the  shape  shown  at  fig.  50,  Plate  V. 
To  this  a  bladder  is  secured  by  drawing  it  inside  of  the  wooden 
ring,  and  then  after  turning  its  upper  edge  over  the  top 
of  the  ring,  tying  a  string  round  it  in  a  groove  formed 
in  the  exterior  of  the  ring,  when  the  latter,  thus  furnished 
with  its  bladder,  assumes  the  form  shown  in  perspective 
at  fig.  51,  and  in  section  at  fig.  53.  This  ring  and  its  bljadder 
is  then  to  be  placed  within  the  external  copper  case,  fig.  52, 
where  it  is  supported  by  the  shoulder,  at  a,  formed  therein 
about  one  inch  and  a  half  below  its  top.  And  after  having 
been  charged  as  before,  with  muriate  of  ammonia,  the  zinc 
cylinder  is  placed  within  it  without  having  any  zinc  ring 
attached  to  it. 

This  separation  of  the  bladder  from  the  zinc  cylinder,  by 
means  of  a  loose  wooden  ring,  is  convenient  for  different 
reasons :  first,  as  each  battery  may  have  two  such  rings,  on 
which  bladders  may  always  be  kept  tied  ready  for  action; 
and  again  it  prevents  the  possibility  of  an  occurrence  which 
may  take  place  with  the  attached  zinc  ring,  except  the  project- 
ing part,  B,  of  fig.  52,  be  made  pretty  large,  I  mean  contact 
between  the  zinc  and  copper  cylinders. 
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The  second*differencein  form  between  the  battery  which  I 
now  use  and  that  described  in  my  former  paper^  consists  in  the 
addition  of  a  mouthy  M^to  the  exterior  copper  vessel  as  shown 
at  fig.  52.  This  mouth  has  at  its  bottom  a  tube  of  f  of  an 
inch  diameter^  communicating  with  the  interior  of  the  vessel; 
and  it  also  has  a  perforated  false  bottom  or  shelf^  on  which 
crystals  of  sulphate  of  copper  are  placed,  in  order  to  ensure  a 
state  of  saturation  in  the  cupreous  solution ;  besides  which 
purpose  it  shows  when  a  sufficient  charge  has  been  put  into 
the  exterior  copper  vessel,  and  affords  a  facility  in  charging 
or  removing  a  charge  from  the  latter. 

The  false  bottom  of  the  mouth,  M,  in  fig.  52,  is  level  with 
the  shoulder,  a,  which  itself  is  about  1  inch  below  the  top  of 
the  zinc  cylinder,  as  will  be  seen  in  the  sectional  sketch  of 
the  entire,  shown  at  fig.  54. 

Having  now  noticed  the  alteration  made  since  my  last 
communication,  and  thus  shown  the  form  of  battery  which  I 
now  generally  employ,  I  may  add  that  I  sometimes  have  the 
interior  copper  not  closed  at  top  as  in  the  section,  but  open 
and  fiimished  with  a  zinc  cylinder  within  a  bladder  attached 
to  a  cast  zinc  ring,  firom  which  results  a  double  battery ;  in  which 
one  of  the  zinc  cylinders  has  both  of  its  surfaces  opposed  to 
copper ;  and  I  find  that  on  uniting  the  two  zinc  cylinders  in 
the  manner  of  a  calorimoter,  a  greater  physiological  effect  is 
produced  (with  the  aid  of  an  electro-magnet)  than  I  have  been 
able  to  obtain  by  any  other  disposition  of  the  same  elements ; 
such  as  using  their  zinc  elements,  either  jointly  or  in  succes- 
sion, with  copper  when  placed  as  two  distinct  batteries.  This 
fact  although  somewhat  contrary  to  that  which  we  might 
a  priori  expect,  is  very  easily  verified  by  experiment.  Of 
course  the  electro-magnet's  primary  coil  should  for  this 
experiment  be  made  of  very  thick  wire,  capable  of  transmitting 
readily  the  fiJl  quantity  of  the  electric  fluid  yielded  by  this 
double  battery. 

I  have  the  honour  to  be. 
Dear  Sir, 
Your  obedient  and  obliged  servant 

E.  S.  CLARKE. 


XXXVII.      Eorperiments  upon  the  ignition  of  pure  Phos- 
phorus byfrictional  electricity.  By  Dr.  Boettger. 

(Translated  from  the  German.) 

In  several  manuals  of  natural  philosophy  and  of  chemistry, 
we  find  it  stated,  without  at  all  alluding  to  the  method  of 
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conducting  the  experiments  or  the  precautions  to  be  therein 
observed,  that  phosphorus  may  be  very  easily  inflamed  by 
electricity.  Lichtenberg,  indeed,  observes  in  a  passage  in  his 
miscellaneous  works  (Vol.  IX.,  Gottingen,  1806),  "it  is  de^ 
serving  of  a  trial  also  whether  phosphorus  would  not  become 
ignited  at  points  whence  a  stream  is  issuing,  on  a  fiemi-* 
conductor  being  inserted  between  them.  I  am,  however, 
inclined  to  think  that  the  other  portion  must  also  be  a  perfect 
conductor." 

;  I  have  occasionally  succeeded  in  igniting  phosphorus  by 
ejectricity ;  sometimes,  however,  I  failed  in  my  attempts  to 
do  so,  without  at  first  being  able  to  assign  any  reason  for  my 
want  of  success.  And  as  I  could  not,  as  above  observed^ 
meet  with  any  explanation  of  this  phenomenon  I  resdlved  to 
make  some  experiments  upon  the  subject  myself.  Thcfolkrw- 
ing  are  the  results  I  obtained,  and  possibly  they  may  bet  the 
means  of  directing  the  attention  of  other  observers  to  thM 


In  all  my  experiments  I  made  use  of  purified  phosphoms 
Ibrmed'  into  grains  about  as  large  as  a  pin's  head.  The  Ley* 
den  jar  I  employed  had  a  coating  of  a  square  foot,  and  I  had 
a  discharging  rod  with  a  glass  handle  the  arms  of  which  ter- 
minated in  extremely  fine  points  on  to  which  small  brass  knobs 
could  be  screwed.  I  moreover  used  a  chain,  one  end  of  which 
was  connected  with  the  outside  coating  of  the  jar,  the  ather 
end  terminated  in  a  fine  steel  needle  passing  through  a  glass 
tube  of  narrow  bore ;  this  needle  also  allowing  a  knob  to  be 
screwed  on  to  it.  I  ought  to  add  that  to  ensure  success  in 
th^se  eiperiments  care  must  be  taken  not  to  employ  too 
brittle  phosphorus,  and  above  all  that  it  has  no  cracks  in  it 
It  is  necessary  that  it  should  be  duly  dried  with  soft  blotting 
paper  just  before  it  is  used,  and  the  fine  point  of  the  discharging 
rod  or  of  the  steel  needle  traversing  the  glass  tube,  on  to  which 
the  phosphorus  is  stuck,  should  not  be  inserted  much  above 
half  way  through  it. 

When  I  placed  the  phosphorus  upon  the  steel  needle  whidi 
was  directly  connected  with  the  external  coating  of  &i^  iar, 
charged  either  with  positive  or  negative  electricity,  aend  dis- 
charged the  charge  upon  it  by  means  of  the  discharging  rod 
with  its  knobs,  so  that  the  +  or  —  electricity  was  forced  to 
pass  from  the  knob  of  the  jar  on  to  the  knob  of  the  dischsurging 
rod,  its  other  knob  being  held  close  to  the  point  on  which  the 
phosphorus  was  placed,  the  latter  was  not  ignited.  It  was, 
however,  now  and  then  broken  to  pieces  ancTscattered  about 
by  the  shock.  On  so  modifying  the  experiment  as  to  present 
the  point  of  the  discharging  rod  to.the  phosphorus  in  place  of 
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its  knob^  there  likewise  was  no  ignition.  Nor  did  any  ensue, 
either  when  the  phosphorus  was  stuck  on  the  point  of  the 
discharging  rod  instead  of  the  point  of  the  steel  needle,  the 
former  of  these  points  being  at  the  same  time  brought  close 
to  the  latter  terminating  either  with  its  knob  or  otherwise. 
Hence  there  was  no  ignition  of  the  phosphorus  when  the 
electric  spark  is  forced  to  pass  through  two  openings  in  the 
circuit,  as  is  shown  at  a,  6,  c^  d,  fig.  55,  Plate  V.  In  this 
figure  a,  b,  c,  d,  are  the  jars  charged  either  with  •+-  or  — 
Electricity ;  e,  e,  e,  e,*  are  the  discharging  rods  terminating 
in  knobs  or  points ;  ^/,y,y,y*,  are  the  steel  needles  connects 
with  the  external  coating  of  the  jar  and  passing  through 
glass  tubes ;  i,  i,  i,  z,  are  the  pieces  of  phosphorus. 

I.  If  on  discharging  the  jar  their  was  no  interruptiou 
between  one  knob  of  the  discharging  rod  and  the  knob  in 
connexion  with  the  internal  coating  of  the  jar,  in  other  word^ 
if  I  laid  the  knob  of  the  discharging  rod  directly  upon  the 
knob  of  the  jar  and  then  pursued  precisely  the  course  stated 
above,  the  phosphorus  became  ignited  every  tirm  when  the 
jar  was  charged  with  positive  electricity,  the  phos{dioru$ 
being  stack  on  to  the  needle  connected  with  the  outer  coating, 
and  either  the  knob  or  the  point  of  the  discharging  rod  being 
suddenly  brought  near  it,  as  shown  at  jars  a  and  o  of  fig.  56. 
On  the  contrary,  if  I  stuck  it  on  to  the  point  of  the  discharging 
rod  and  brought  the  latter  close,  either  to  the  point  or  the  knob 
€>f  the  steel  needle,  as  shown  at  jar^  c  and  d  in  fig.  56,  it  was 
ntver  ignited  when  the  jar  vfdiSjtdl  charged.  When  the  jar, 
however,  contained  merely  a  very  weak  charge,  a  single  spark 
of  an  inch  long  for  instance,  drawn  £rom  the  prime  conductor, 
the  phosphorus  was  ignited  every  time. 

II.  On  charging  the  jar  with  negative  electricity  precisely 
the  reverse  was  obtained.  That  is  to  say,  the  phosphorus, 
when  stuck  on  to  the  steel  needle  connected  with  the  outer 
coating,  as  seen  at  a  and  b  of  fig.  56  was  not  ignited  by  ^higk 
char  gey  but  it  took  fire  every  time  when  stuck  on  to  the  point 
of  the  discharging  rod  as  shown  at  c  and  d  in  fig.  56  or  when 
the  jar,  as  in  the  above  experiment,  was  chargied  with  but  a 
mngle  weak  spark.  It  cannot  but  be  considered  a  remarkable 
phenomenon  that  the  phosphorus  never  became  ignited  when 
treated  as  described  in  I,  but  on  the  contrary  that  it  always 
was  so  with  dkfull  charge  oi  positive  electricity  when  treated 
as  in  II,  the  phosphorus  being  in  connexion  with  the  ;iega^we 
coating.  And  that  with  a  negative  charge  if  the  phosphorus 
was  in  connexion  with  the  negatively  barged  knob  of  the 

*  The  glass  hawttsBi  are  not  ahownin  the  figures. 
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jur,  it  was  always  inflamed^  whild  it  never  was  in  the  other 
case^  though  it  was  so  if  the  jar  was  charged  with  simply  a 
very  weak  spark  taken  from  the  conductor  of  the  machme. 
It  is  desirable  that  some  person  who  has  more  spare  time 
than  I  can  command^  should  follow  up  experimentally^  what 
is  here  mentioned  in  a  general  way  only. 


XXXVIII.      On  the  Propagation  of  Electrical  Currents 
through  Liquids.    By  M.  Charles  Matteucci.* 

(  Continued  from  page  \2&.  J 

CHAPTER  II. 

On  the  influence  of  the  quantity  of  the  liquid  on  the 
intensity  of  the  current  transmitted  to  it, 

I  shall  notice  in  a  few  words  the  extent  of  our  knowledge 
on  this  point  of  the  science  of  electric  currents.  In  a  work 
by  M.  Marianini  we  find  it  asserted,  in  a  positive  manner,^ 
that  the  velocity  of  the  current  is  much  weakened  by  the 
thickness  of  the  liquid  bed  it  has  to  traverse :  this  loss  is 
nearly  in  proportion  to  the  increase  of  the  thickness,  whatever 
may  be  the  nature  and  energy  of  the  voltaic  pairs.  In  fact, 
this  influence  of  the  thickness  is  as  much  less  as  the  liquid  is 
endowed  with  a  greater  conductibility ;  these  conclusions  have 
since  been  confirmed  by  M.  Bigeon.  Having  applied  myself 
to  this  subject,  I  have  established  these  results  by  a  more 
exact  method,  and  have  added,  that  this  weakening  is  generally 
made  in  a  more  rapid  proportion  than  that  in  which  we  vary 
the  increase  of  thickness.  It  is  easily  perceived  that  this 
phenomena  has  been  as  yet  very  imperfectly  studied,  and 
that  there  still  remains  the  same  work  to  be  done  on  this 
point,  as  we  have  already  had  on  the  i^ature  of  the  liquid.  It 
has  been  our  endeavour  to  fill  up  this  vacancy. 

I  shall  commence  by  showing  the  results  obtained  from  a 
trial  of  the  influence  of  the  length  of  the  liquid  bed.  I  had 
for  this  purpose  a  rectangular  canal  of  varnished  wood,  one 
centimetre  wide,  and  two  and  a-half  deep.  The  electrodes 
lirere  platinum,  three  millimetres  wide,  and  immersed  in  the 
liquid  to  the  depth  of  fifteen  millimetres.  The  two  electrodes 
are  fixed  to  two  pieces  of  brass,  in  connexion  with  two  wooden 
supports,  which  move  along  the  canal.  I'he  first  experiments 
that  I  shall  mention  relate  to  the  study  of  the  enfeebling  of 

*  Translated  by  Mr.  J.  H.  Lang, 
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the  current  .by  a  liquid  bed  of  a  greater  or  less  length.  The 
pile  is  that  with  columns^  which  I  have  already  described  in 
the  preceding  chapter.  The  liquid  of  the  pile  was  pump 
water ;  that  of  the  canal  was  composed  of  6  ounces  of  distilled 
water^  and  20  grains  of  sulphate  of  magnesia.  Th6  following 
is  the  iu'st  table ; 


Length  of 

the  liquid 

bed. 

Namber  of  pairs. 

10 

20 

40 

60 

80 

100 

Im 

0  ,50 
0  ,30 
0  ,10 
0  ,025 

1"       int. 

1  ,5     id. 

2  id. 

3  id. 

4  id. 

Pex.  int. 

2  id. 

3  id 
4,45   id. 
7       Sid. 

3'       int  3'       int. 

4  id.  5     ex.  id. 

5  id.  6          id. 
7      8  id.  8    10  id. 
9    12  id.  10  13  id. 

4-       int. 
5         id. 
5          id. 
7      Sid. 
7  ex.8  id. 

4'       int. 

5  id. 

6  id. 

7  8  id. 
7     8  id. 

With  the  same  pile  and  every  other  part  of  the  apparatus 
similarly  disposed,  having  only  changed  the  liquid  reophorus^ 
rendering  it  by  some  drops  of  nitro-sulphuric  acid  a  better 
conductor,  I  obtained  the  following  results: 

2d.   Table. 


Leneth  of 

the  hqnid 

bed. 


Im 

0  ,50 
0  ,30 
0  ,10 


Namber  of  pairs. 


10 


20 


If 

I 

f» 


int. 

id. 

id. 

10  id. 


6 
6 


int. 
id.16 


id. 

id. 


0  ,025  19    12  id jlO  13  id. 


40 


6 
6 


int 

id. 

id. 

id 

12  id. 


60 


5*  ex.  int. 

6  i^ 

6  id 

6  ex.  id. 
10  13  id. 


80 


5'  ex.  int 


5 

6 
6 
9 


id. 

id. 

id. 

12  id 


100 


7* 

7 

7 

7 

8 


8  int. 
8  id. 
8   id.^ 
8   id. 
10  id. 


I  might  also  add  many  more  experiments,  which  would 
only  confirm  those  we  have  already  mentioned. 
The  conclusions  are  evident. 

1.  The  intensity  of  the  current,  propagated  through  a 
liquid^  increases  generally  by  the  diminution  of  the  length  of 
the  liquid  bed  that  it  has  to  traverse ;  and  this  increase  varies 
in  a  greater  respect  proportionally  to  the  diminution  of  the 
lengtib  of  the  liquid  bed ;     . 

2.  When  the  pile  has  a  very  feeble  power  of  production 
and  propagation,  we  find,  in  varying  the  number  of  pairs, 
that  the  increase  of  the  intensity  by  the  shortening  cf  the 
liquid  bed  is  not  in  the  same  proportion ; 

3.  This  increase  is  as  much  less  as  the  liquid  reophorus 
is  a  better  conductor,  and  the  number  of  pairs  greater ; 
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4.  Hence,  by  increasing  the  nmnber  of  plates,  and  with  a 
good  conducting  liquid  reophorus,  we mayobtain a  maximum 
intensity,  to  which  the  influence  of  the  length  of  tke  liquid 
bed  is  nothing.  We  arrive  at  the  limit  sooner,  in  proportion 
as  the  liquid  reophorus  is  a  better  conductor. 

These  conclusions  are  very  different  when  we  vary  the  force 
of  the  pile.  I  charged  the  same  pile  with  a  nitro-sulphuric 
solution.  The  liquid  reophorous  still  remaining  the  same  as 
in  the  first  table. 

3d.  Table. 


Length  of 

the  liqaid 

bed. 

Number  of  pain. 

10 

20 

30 

40 

Im 

0   ,50 
0    ,30 
0,10 
0   ,025 

3 

5 

10 

24 

int. 

id. 

id. 
13  id. 
„     id. 

5"" 

6 

11 

23 

55 

id. 

id. 

exc:  17  int. 

„     id. 

„     id. 

5»         int. 
11     16    id. 
16    28    id. 
35     „    id. 
70     „    id. 

7' 
15 
23 
50 
80 

8  int. 
26    id. 

„     id, 
„     id. 

„     id. 

We  evidently  conclude,  from  this  third  table,  that,  when 
the  pile  has  a  very  great  power  of  production  and  propagation, 
the  increase  of  intensity  produced  by  the  diminution  of  the 
length  of  the  liquid  bed,  is  in  as  much  greater  a  proportion  as 
tJiepile  is  composed  of  a  greater  number  of  pairs. 

This  law  is  still  more  verified,  when  the  current  is  made  to 
taraverae  a  better  conducting  liquid^  such  as  that  of  the  second 
table* 

ith.  Table. 


Length  of 
the  liqaid 
,  bed. 


0m,50 
0  ,30 
0    ,10 


Number  of  pairs. 


6"         int 
10     13    id 
18    36    id. 


14'  24  int. 
20  „  id. 
40      ..    id. 


>f 


20 
38 
60 


»> 


*» 


»* 


int. 
id. 
id. 


We  will  now  see  what  effect  is  produced  by  the  increase  of 
the  surface  of  the  pairs.  The  liquid  of  the  pile,  pump  water, 
that  of  the  trough^  distilled  water;  its  simple  surface  was  45. 


electric  currents  through  liquids. 


321 


5th. 

Table. 

Iiengthof 

the  nquld 

bed. 

Extent  of  the  surface  of  voltaic  pain. 

—                    1 
Simple  Miciace. 

Double  surface. 

Triple  snrfiice. 

Im 

0   ,50 
0  ,30 
0  ,10 
0  ,025 

T               int. 

3  id. 

4  id. 

6  exc.    7  id. 

7  exc.    8  id. 

2<*               int. 

3  id. 

4  id. 
6    exc.    7  id. 
8           10  id. 

2*         int. 

3  id. 

4  id. 
7      8    id. 

10    13    id. 

With  the  same  pile^  and  a  better  conducting  solution  in 
the  trough^  (that  of  the  first  table)  we  have  the  following 
results. 

6th.  Table. 


Length  of 

tYip  linn  111 

Extent  of  the  sur&ce  of  voltaic  pairs. 

bed. 

Simple  sniface. 

Double  sur&ce. 

Triple  smrfiice. 

Im 

0  ,50 
0  ,30 
0   ,10 
0   ^025 

4"            int. 
5              id. 

7  8    id. 

8  10    id. 
10      13    id. 

4«  int 
5  id. 
7        8    id. 

10      13    id. 

14      24    id. 

4**            int. 

7  8    id. 

8  10    id. 
11      16    id. 
15      36    id. 

Thus  it  may  be  seen  that,  in  proportion  to  the  intensity  of 
the  current,  which  we  vary  with  the  extent  of  the  sui&ces  of 
iim  pwAy  the  effect  produced  varies  also  by  the  diminution  of 
the  length  of  the  liquid  bed,  and  that  in  as  much  greater  a 
proportion  as  the  surface  of  the  pairs  is  more  extended  and 
the  liquid  reophorus  a  better  conductor.  I  have  also  tried 
the  same  experiments  using  a  more  active  and  better  conduct- 
ing liquid  in  the  pile«  I  shall  exhibit  two  or  more  tables, 
obtained  by  employing  distilled  water  in  the  one  for  a  liquid 
reophorus,  and  in  the  other  slightly  acidulated  water.  The 
liquid  of  the  pile  is  a  nitro-sulphuric  solution.  The  simple 
surface  is  67*^^  5. 

7th.  Table.  8th.  Table. 


"Leophof 

the  Bqnid 

bed. 


Im 

0  ,50 
0  ,30 
0  ,10 
0   .025 


Simple 
surface. 


scarcely  any 
traces. 

4*"        int. 

7  8  id. 
13  23  id. 
28    „ 


Double 

soriace. 


id.    I  45 


scarcely  any 

traces. 

4'        int 

8    10  id. 

23    „    id. 

„    id. 


Length  of 
the  uo  uid 
bed. 


Im 

0  ,50 
0  ,30 
0  ,10 
0   ,026 


Simple 
sur&ce. 


7»  8  int 

14  34  id. 

23  exc.  „  id. 


Donble 
surface. 


8"  10  int 
16    27    id. 


44 
70 


>9 


id. 
id. 


25 

48 
80 


99 
99 


id. 

id. 
id. 


322  M.  C.  Matteucci;  on  the  propagation  of 

When  the  force  of  production  and  propagation  is  great  in 
the  pile^  we  see  the  increase  of  in  tensity »  produced  by  the 
diminution  of  the  length  of  the  liquid  bed^  take  place  in  as 
much  greater  a  proportion  as  this  force  is  greater^  and  the 
liquid  reophorus  a  better  conductor. 

After  having  shown  the  laws  by  which  the  effect  produced 
by  the  diminution  of  the  length  of  the  liquid  bed  on  the 
intensity  of  the  current  which  is  transmitted  to  it  varies^  and 
that  in  regard  to  the  force  of  the  pile^  I  shall  examine  this 
same  influence  produced  by  the  variations  of  the  total  volume 
of  the  liquid. 

Hitherto  I  have  only  varied  one  of  the  dimensions  of  the 
volume^  the  length,  keeping  the  other  two  constant ;  I  shall 
now  vary  the  latter^  keeping  the  length  constant.  I  emfdoyed^ 
for  these  researches,  rectangular  boxes  of  varnished  wood.  I 
had  them  of  all  dimensions.  The  platina  electrodes  are 
discovered  by  a  constant  quantity  of  their  sur&ce,  and  are 
immersed  in  the  liquid  so  as  to  touch  the  bottom  of  the  box. 

We  shall  see  by  the  results  of  this  examination,  that  the 
position  of  the  electrodes,  is  not  indifferent  to  the  transmissi- 
bility  of  the  electric  current.  I  commenced  by  considering 
the  effect  of  a  variable  liquid  volume,  causing  it  to  be  traversed 
by  a  current  produced  from  a  pile,  charged  with  a  very  feeble 
conducting  liquid.  I  have  collected  in  different  tables,  com- 
parable results.  The  liquid  of  the  pile  and  also  that  of  the 
reophorus  was  distilled  water.  All  my  boxes  had  the 
constant  length  of  0™,20:  the  electrodes  were  ^tina  and 
presented  to  the  liquids  a  surfiace  of  one  centimetre  high^  and 
three  millimetres  wide.  In  the  first  table  I  shall  show,  this 
liquid  was  0?»,01  deep. 

\%t.  Table, 


Nnmber 

Width  ofthe  liquid  bed. 

of 

pairs. 

Om,01 

0m,04 

0m,08 

Om,2 

10 

5  int. 

10  int. 

9  int. 

8  int. 

20 

8 

11 

10 

10 

40 

13,50 

21 

18 

15 

60 

15 

22 

18 

16,60 

SO 

18 

22 

22 

19,50 

100 

21 

22 

22 

21 

In  another  experiment,  comparing  liquid  beds  only,  one  of 
0"  04  the  othec  of  0"  20  wide,  keeping  a  similar  disposition 
in  the  rest  of  the  apparatus,  I  obtained  the  following  resvdts : 
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Number 

Width  of  the  liquid  bed. 

of 
pairs. 

Om,04 

0<n,20 

10 

15int 

6  int. 

20 

12 

40 

23       ^ 

16,60 

60 

27 

19^0 

80 

27 

21 

100 

28 

23 

I  think  it  useless  to  mention  any  more  experiments ;  the 
results  are  too  evident^  and  agree  very  well  with  the  facts  we 
have  just  established. 

Increasing  the  width  of  a  liquid  bed^  its  depth  and  height 
being  constant^  the  intensity  of  a  current  made  to  traverse  it^ 
increases  to  a  certain  limit  of  this  width :  for  this  the  pile 
must  be  feeble ;  beyond  this  limit  the  intensity  of  the  current 
begins  to  diminish ;  this  limit  is  attained  sooner  with  feeble 
piles^  and  as  touch  sooner  as  they  are  composed  of  a  greatn' 
number  of  pairs. 

If  instead  of  a  very  feeble  conducting  reophorus^  we  use 
a  better  conducting  liquid^  the  results  will  be  as  follows.  The 
disposition  in  the  pile  and  apparatus  was  alike,  the  only 
difference  was  in  the  liquid  reophorus;  in  the  third  table, 
the  liquid  reophorus  was  distilled  water;  in  the  fourth, 
pump  water  slightly  acidulated  with  sulphuric  acid. 

Zd.  Table* 


Nomber 
of 

Width  of  the  fiqnid  bed. 

pairs. 

OmiOl 

Om,02 

0m,04 

0m,08 

0«n,020 

20 

40 

100 

8  int. 
14 
18 

Sint 
14 
18 

9  int. 
14 
21 

Sint 
14 
19 

*  In  all  the  tables  I  am  about  to  describe,  I  have  used  a  more 
sensitive  galvanometer,  whose  table  of  intensities  has  been  deter- 
mined'as  far  as  40^.  In  the  preceding  chapters  I  used  a  less 
sensitive  one,  the  intensities  of  which  had  only  been  determined  as 
faras  18^. 
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ith.  Table. 


Number 
of 

Width  ofthe  liquid  bed. 

pairs. 

Oin,01 

0m,02 

Cm  ,04 

Om,OS 

0in.3O 

20 

40 

60 

100 

18     int 
23,60 
23,50 
27 

21      iat 
23^0 
23,60 
27 

22,50  int 
23,60 
27 
27 

22,60  int 
23      ^ 
26 
27 

22  int. 
22 

23^80 
27 

We  may  now  conclude  that  the  intensity  of  the  current 
transmitted  by  a  good  liquid  eonductor^  if  the  pile  be  feeble^ 
increases  by  the  augmentation  of  4he  width  of  the  liquid  bed; 
but  the  width  attains  the  limit  of  its  influence  as  much  sooner 
as  the  number  of  pairs  in  the  pile  is  greater^  and  .ti|^  con- 
ductibility  of  the  liquid  reophorus  better. 

So  fer,  I  have  only  changed  the  width  and  length  of  the 
liquid  bed ;  I  have  now  to  esamine  the  influence  of  the  height 
of  the  liquid.  I  shall  commence  by  showing  the  resists  I 
obtained  with  very  feeble  piles.  The  apparatus  was  the^ame 
in  all  its  parts,  only  the  liquid  was  employed  at  different 
heights  :  these  heights  varied  from  0", 01  to  0'°,04.  The 
following  is  the  general  result.  ^^  The  wolnme'limitf  that  is 
to  say,  beyond  which  the  increase  of  the  intensity,  by  the 
augmentation  of  the  volume  itself>  stops,  is  attained  as  much 
sooner  as  the  pairs  are  more  numerous,  and  the  conductibility 
of  the  liquid  reophorus  better.  Varying  the  force  of  pro- 
duction and  propagation  iji  the  pile,  the  results  vary."  I 
have  combined  in  three  tables  a  certain  number  of  experiments^ 
in  which  the  results  are  observed  by  the  difference  of  the 
height :  I.  think  it  useless  to  mention  others,  as  they  only 
confirm  those  I  am  about  to  show,  neither  do  I  think  it 
necessary  to  describe  again  the  pile,^  electrodes,  and  boxes, 
as  I  have  made  no  alteration  in  them.  The  liquid  of  the  pile 
is  conjposed  of  one  thousand  parts  of  distilled  water^  six.  of 
nitric  acid,  and  two  of  sulphuric  acid  in  volume :  the  liquid 
reophorus  was  distilled  water.  >    . 

1*^.  Table. 


t 

Number 
of 

Width  of  the  bed. 

Height 

vl 

pairs. 

* 

Om,01 

0m^04 

.  Om  ,08 

0n»,20 

the  bed. 

10 
20 
30 
40 
60 

,  6  int 
12 
19 
29 
46 

6  int 
IB 
80 
40 
66 

6  int. 
16 
80 
40 
66 

6  int. 
12 
29 
40 
66 

• 
>0m,01 
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20 
30 
50 


ISint 

33 

64 


21  int. 

36 

76 


22,45  int. 
40 

(42»)? 


31  int. 
49 

(52»)? 


Om^Ol 


3d.  Table. 


30 
50 


^  int. 

(50^)  r 


49  int. 
(62r)? 


(42»)  ? 
(6r)  ? 


I  0in,03 

These  experiments  are  sufficient  for  us  to  draw  the  follow- 
ing conclusions. 

1 .  When  the  productive  and  propagating  force  in  the  pile 
is  gteat^  either  by  the  tyatute  of  the  liquid  or  the  extent  of 
the  pairs,  the  intensity  of  the  eurrefal,  propagated  by  different 
liquid  volumes,  increases  in  pr(^rtioa  to  these  volumes^  and 
in  as  much  mdre  elevated  a  ratio  as  the  pairs  are  more 
numerous  and  the  liquid  reophorus  a  bett^  c<Hiduetor. 

2.'  We  have  seen  that  with  feeble  piles,  we  attain  ihe 
vohime-Umit,  beyond  which  the  intensity  of  •  the  cunent 
becomBS  more  feeble.  These  volame-limits  are  attained 
sobner  ieith  a  pile  of  a  greater  number  of  pairs,  and  a  good 
conducting- liquid  reophorus.  When  the  pile  is  strong>  this 
volume^imit  terminates  bydisag^aring,  and  that  in  proporticHi 
to  the  force  of  the  pile,  the  numb^  of  pairs,  and  the  conducti* 
bility  of  the  liquid  reophorus. 

3.  This  volume-limit  is  also  modified  by  the  height  of  the 
Uqpid ;  the  same  volume  of  a  certain  liquid,  which  is  limited 
With  a  certain  pile,  when  the  height  of  the  liquid  is  one 
centimetre,  is  no  longer  limited,  every  thing  else  remaining 
the  i^me,  when  the  liquid  is  three  centimetres  high. 

4.  This  augmentation  of  the  intensity  in  the  current, 
produced  by  the  increase  of  the  liquid  volume  from  which  it  is 
propagated,  is  as  much  stronger  with  the  same  pile  and  equal 
volumes,  as  the  height  of  the  liquid  is  greater,  and  this 
influence  of  the  height  increases  in  proportion  to  the  volume. 
I  shall  give  a  table  in  which  these  comparisons  are  made. 

5.  The  advantage  derived  from  the  greater  height  of  the 
liquid,  with  equal  volumes,  is  so  great,  that  witiii  piles  which 
differ  from  20,  30,  to  40  pairs,  and  a  difference  in  the  height 
of  the  liquid  from  one  to  three  centimetres,  we  obtain  equal 
and  even  more  intense  currents,  from  a  pile  of  a  less  number 
of  pairs  whose  current  traverses  a  higher  liquid. 

6.  This  advantage  produced  by  the  greater  height  of  the 
liquid  is  such  that  with  piles  made  of  the  same  number  of 
pairs,  we  have,  with  a  volume  represented  by  forty,  two  cen- 
timetres high,  a  stronger  current  than  what  we  have  from  a 
volume  represented  by  eighty,  the  height  of  the  liquid  being 
only  one  centimetre. 
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The  following  are  the  tables  which  I  mentioned  inthe  fourth 
conclusion. 

Height  of  the 
Liquid. 


Volumes 

20 

40 

Intensity 

5 

8 

Volumes 

40 

80 

Intensity 

8 

14 

Volumes 

80 

160 

Intensity 

27 

0™,01 


0".02 


0».04 


80        160  400 

10  12-50        18 

160        320  800 

23-50     29  35 

320        640         1600 
35  52  75 

It  is  only  necessary  to  compare  the  intensities  corresponding 
to  equal  volumes  in  the  three  series^  to  obtain  the  influence 
of  the  volume.  Thus  for  the  same  volume  80,  we  find  10  in 
the  first  and  14  in  the  second  series.  Forvolume  160  we  find 
12-50,  23-50,  and  27,  and  so  on. 

The  last  table  that  I  shall  give  still  better  establishes  the 
influence  of  the  height  of  the  liquid. 


Number 
of 

•    Volumes. 

Height  of 
the 

pairs. 

80 

160 

400 

• 

liqaid. 

20 
30 
40 
50 

14  int 
24 
30 
36 

14  int 
23 
30 
36 

12  int 
23 
30 
34 

Om,01 

Number 
of 

Volumes. 

Height  of 

pairs. 

40 

160 

320 

800 

liquid. 

20 
30 
50 

16  int 

26 

40 

18  int 

28 

40 

19  int 
30    - 
42 

25  int 

34 

52 

0«»,02 

Number 
of 

Volumes. 

Height  of 

pairs. 

240 

480 

1200 

liquid. 

30 
50 

30  int 
50 

35  int 
52 

42  int 
68 

Cm  ,03 

The  fifth  and  sixth  consequences  are  easily  confirmed  by 
the  simple  inspection  of  this  last  table. 

(To  be  contintied.J 
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XXXIX.  British  Association  for  the  Promotion  of 
Science.  Eighth  Meetingy  at  JVewc€istle  upon  Tyne :  m 
August,  1838. 

On  the  possibility  of  obtaining  crystalline  metals  between 
the  poles  of  a  voltaic  battery.     By  Dr.  Bird.  ^ 

The  author  first  aUading  to  the  probability  of  electric  cur- 
rents influencing  the  formation  of  mineral  veins,  observed 
that  iu  consequence  of  certain  sources  of  fallacy  the  results  of 
his  experiments  which  he  brought  forward  at  the  Liverpool 
meeting  were  not  very  satisfactory.     He  admitted  the  inte- 
resting character  of  the  experiments  of  Mr.  Fox,  and  some 
other  investigators,  but  held  them  unsatisfactory  in  point  of 
correct  evidence.    The  author  described  an  apparatus  which 
had  been  made  by  Mr.  Sandall,  of  St.  Thomas's  Hospital. 
With  this  apparatus,  which  consisted  of  a  jar,  divided  into 
two  compartments,  by  a  partition  of  plaster  of  Paris,  and  a 
metallic  pair  of  copper  and  zinc,  the  former  immersed  in  a 
solution  of  sulphate  of  copper  in  one  compartment;  and  the 
latter  into  watel*  in  the  other  i  he  found  results,  which  he 
thought  were  conclusive  in  favoiir  of  the  reduction  of  a  metal 
between  the  poles  of  a  battery.     At  the  end  of  a  month  Dr. 
Bird  found  that  the  cuperous  solution  had  become  colourless : 
and  on  taking  out  the  metals  he  observed  that  very  little 
copper  had  been  deposited  on  the  copper  plate,  but  the  side 
of  the  plaster  partition  next  to  it,  was  covered  with  precipitated 
copper,  which  the  author  described  asbeingformed  m^nodular 
or  stalagmitic  form.   On  breaking  the  plaster  partition,  deposi- 
tions of  liberated  copper  particles,  are  said  to  have  been  found 
to  be  disseminated  through  it  in  every  direction :  and  thought 
to  resemble  the  veins  of  copper  found  in  the  interior  of  the 
earth. 

It  must  be  well  known  to  every  one  experimenting  with 
cuperous  solutions  as  the  exciting  solution  in  a  voltaic  arrange- 
ment :  having  unamalgamated  zinc,  covered  with  either  cloth 
or  paper,  for  one  of  the  metals,  that  the  particles  of  copper 
liberated  from  the  solution  will  be  lodged  in  the  crevices  of 
the  folds  of  the  paper  or  cloth,  in  greater  abundance  than  in 
any  other  part  of  the  arrangement.  When  cloth  is  employed 
for  covering  the  zinc,  the  fibres  and  threads  form  a  good  hold 
for  the  particles  of  copper  to  cling  to :  and  a  thick  covering 
of  the  metal  is  always  the  result  of  a  prolonged  experiment. 
With  a  couronne  des  tasses  of  eight  pairs,  the  cloth  will 
receive  a  tolerably  good  casing  in  a  quarter  of  an  hour.  Even 
in  five  minutes'  action,  the  cuperous  casing  is  sufficiently 
perceptible.  Edit. 
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On  the  influence  of  voltaic  combinations  on  chemical 
miction.    By  Dr.  Andrews. 

In  dilute  sulphuric  acid  composed  of  one  atom  of  the  dry 
acid  and  eight  atoms  of  water^  the  solution  of  distilled  zinc  is 
permanently  accelerated^  by  connecting  it  with  a  plate  of 
platina^  immersed  in  the  same  liquid  so  as  to  form  a  voltaic 
combination.  In  acid  containing  seven  atoms  of  water^  the 
usual  action  is  at  first  increased,  and  afterwards  somewhat 
diminished  by  contact  with  platina.  But  when  zinc  is  heated 
in  acid,  containing  less  than  this  quantity  of  water,  the  con- 
nexion with  platina  transfers  the  evolution  of  gas,  from  the 
surface  of  the  positive  to  that  of  the  negative  metal,  and  at 
the  same  time  diminishes  its  quantity,  and,  consequently, 
retards  the  rate  of  solution  of  the  zinc.  The  formation  of  a 
galvanic  circle  exerts,  therefore,  a  reverse  effect  on  the  solu- 
tion of  zinc  in  sulphuric  acid,  containing  more  or  less  than 
seven  atoms  of  water.  The  principal  circumstances  which 
influence  these  results  are,  the  adhesion  of  the  hydrogen  gas 
to  the  surface  of  the  zinc :  the  formation  of  sulphate  of  zinc 
which  is  greatly  facilitated  by  the  presence  of  seven  atoms  of 
water  in  union  with  each  atom  of  acid  (that  being  the  number 
of  atoms  of  water  of  crystallization  contained  in  it) :  and 
lastly,  the  proper  action  of  the  voltaic  circle,  which  tends  to 
diminish  the  solution  of  zinc.  In  dilute  acid,  the  first  cir- 
cumstance retards  the  action  on  the  zinc  alone,  and  the 
second  facilitates  its  solution :  then  the  platina  surface  enables 
the  hydrogen  to  escape.  But  in  the  stronger  acid,  the  voltaic 
association  impedes  the  solution  of  the  zinc,  partly  from  the 
evolution  of  gas  being  transferred  to  the  platina,  and  thus  the 
saturated  liquid  being  allowed  to  accumulate  around  the  zinc 
plate :  and  partly  from  the  real  effect  of  the  galvanic  com- 
bination. That  the  proper  tendency  of  a  voltaic  circle  is,  to 
diminish  the  chemical  action  of  the  solution  on  the  electro- 
positive metal^  the  author  endeavoured  to  show,  from  the 
consideration,  that  in  an  ordinary  solution,  the  electricities 
thus  developed  have  only  an  indefinitely  small  portion  of 
liquid  to  traverse,  while  in  voltaic  solution,  their  reunion  can 
only  be  effected  by  passing  across  a  column  of  variable  extent, 
and  composed  of  an'imperfectly  conducting  substance.  And, 
as  the  action  is  greater  the  nearer  the  plates  are  to  each  other, 
that  action  ought  to  attain  a  maximum  when  the  distance 
between  the  plates  vanishes,  provided  this  condition  could 
actually  be  realized. 

jithentseum. 
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On  ck  horizontal  vein  of  carbonate  of  zinc  resulting  from 
voltaic  action.     By  Robert  Were  Fox,  Esq. 

Mr.  Fox  stated,  in  this  communication,  that  having,  on 
former  occasions,  announced  that  lie  had  obtained  clay  in  a 
completely  laminated  form,  like  clay  slate,  by  means  of  long 
continued  voltaic  action  :  and  also,  in  some  instances,  verti- 
cal veins  of  oxide  of  iron  &c.,  alternating  with  the  parallel 
laraina3 :  he  had  now  the  pleasure  of  reporting  to  the  geologi- 
cal section,  that  he  had  obtained  a  vein  of  carbonate  of  zinc 
in  nearly  a  horizontal  direction  by  the  same  agency.  The 
following  is  a  pretty  exact  description  of  the  voltaic  arrange- 
ment. A  quantity  of  finely  pulverized  slate  was  made  into  a 
stiff  paste  by  kneading  it  with  a  strong  solution  of  common 
salt.  This  clay  was  next  placed  on  a  plate  of  zinc  which 
rested  horizontally  on  the  bottom  of  an  earthenware  vessel: 
forming  a  horizontal  bed  of  about  1^  inch  in  thickness.  On 
the  upper  surface  of  this  bed  of  clay,  rested,  also  horizontally, 
a  plate  of  copper,  about  IJ  inch  wide,  which  was  united  to. 
the  zinc  plate  by  copper  wire.  The  copper  plate  was  covered 
to  some  depth  by  salt  water.  A  vein  of  carbonate  of  zinc 
formed  in  the  bed  of  pulverized  slate.  The  latter  adhered 
so  firmly  to  the  containing  earthenware  vessel  that  in  taking  it 
out  when  dry,  it  was  broken  into  many  pieces.  Mr.  Fox  sent 
one  of  these  pieces  to  the  Association  in  which  a  part  of  the 
vein  is  said  to  be  shown ;  its  thickness  does  not  exceed  W  of  an 
inch ;  and  it  extended,  apparently,  in  a  plate  of  almost  uniform 
thickness  over  several  square  inches,  in  nearly  the  middle  of 
the  bed. 

The  author  stated  that  he  had  detected  a  little  iron  in  it, 
and  numerous  grains  of  quartz,  which  were  so  firmly  imbedded 
in  the  vein  that  it  would  scratch  glass.  In  this  instance  the 
voltaic  action  betwee;[i  the  two  plates  was  perpendicularly 
through  the  bed  of  slate  clay,  and  there  resulted  a  horizontal  or 
flat  vein.  The  common  salt  kept  up  a  degree  of  moisture  in 
the  apparatus,  and  the  experiment  was  continued  more  than 
eight  months :  the  carbonic  acid  was  supposed  to  be  derived 
from  the  atmosphere.  It  was  observed  that  on  all  other 
occasions,  the  veins  as  well  as  the  laminae  of  the  clay  were 
vertical,  the  voltaic  current  horizontal.  One  of  these  vertical 
veins  consists  also  of  carbonate  of  zinc  formed  in  the  middle  of 
a  wall  of  clay  having  had  copper  pyrites  and  zinc  on  each  side 
of  it.  When  a  solution  of  sulphate  of  iron  was  mixed  with 
the  clay,  or  in  contact  with  it,  numerous  veins  of  the  oxide  of 
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iron  occurred  in  it  similarly  arranged.  Mr.  Fox  also  stated 
that  he  had  obtained  veins  of  sulphate  of  zinc  with  striae  at 
right  angles  to  their  direction,  so  as  precisely  to  resemble 
satin  spar  in  appearance.  The  results  of  his  experiments  he 
thought  tended  to  prove  that  earthy  matter  when  moistened 
may  form  voltaic  poles,  on  which  mineral  matter  may  be 
deposited :  and,  therefore,  it  would  follow,  that  rocks  charged 
with  moisture,  may,  as  he  (Mr.  Fox)  had  assumed  in  the 
Cornwall  Polytechnic  Report  for  1836,  act  the  same  part  in 
the  earth,  and  influence  the  deposition  of  minerals  from  their 
solutions  in  fissures  on  some  rocks  in  preference  to  others, 
according  to  their  relative  electrical  conditions. 

From  the  experiments  already  noticed,  Mr.  Fox  considers 
that  the  pre-existence  of  a  fissure  is  not  always  an  essential 
condition  for  the  formation  of  a  mineral  vein,  as,  in  the  instance 
alluded  to,  a  horizontal  mechanical  fissure  cannot  well  be 
imagined  to  have  existed  previously  to  the  deposition  of  the 
carbonate  of  zinc.  It  is  true,  says  Mr.  Fox,  "that  the  clay, 
as  I  have  formerly  stated,  has  sometimes  exhibited  a  strongly 
marked  joint  or  division  near  the  middle  and  parallel  to  the 
laminae,  which  resembled  a  fissure.  And  here  it  seems,  that 
the  carbonate  of  zinc  was  formed  into  a  vein,  taking,  as  it 
were,  the  most  neutral  part  of  the  circuit,  and  not  accumulat- 
ing at  either  of  the  metallic  poles,  where  its  constituents 
would  naturally  be  expected  to  be  formed.  The  oxides  of 
iron  and  of  copper,  the  sulphate  of  zinc,  &c.,  have  also  shown  a 
tendency  to  approach  the  more  neutral  part  of  the  voltaic 
circuit ;  and  it  is  probable  that  other  metallic  compounds  and 
neutral  salts  may  do  the  same.  Moreover,  the  experiments 
would  induce  a  belief  that  many  veins  which  coincide  with  the 
laminae  of  schistose  rocks  may  have  formed  by  an  analagous 
process  in  the  earth,  although  it  is  probable  that  they  are 
usually  less  regular  and  extensive  than  those  veins  which  from 
crossing  the  laminae,  and  other  circumstances,  ought  rather  to  be 
referred  to  a  mechanical  origin.  In  some  instances  the  forma- 
tion oi fissures  or  cracks  even  in  the  moist  clay,  parallel  to 
the  vertical  copper  and  zinc  plates  has  been  most  clear  and 
decided,  but  this  was  most  remarkable  when  several  pairs  of 
plates  were  used  in  a  series :  they  then  appeared  even  in  a  few 
days  after  the  commencement  of  the  experiments." 

Professor  Lloyd  read  a  paper,  entitled,  *  Recalculation 
of  the  Observations  of  the  Magnetic  Dip  and  intensity  in 
Ireland,  with  additional  Elements.' 

^  Since  the  publication  of  the  observations  on  the  direction 
^d  intensity  of  the  terrestrial  magnetic  force  in  Ireland,  in 
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the  fifth  Report  of  the  Association,  many  additional  data  have 
been  obtained,  which  appear  to  require  a  new  and  more  com- 
plete discussion.  The  present  communication,  therefore,  may 
be  regarded  as  a  supplement  to  the  former ;  and  its  results 
have  removed  (at  least  to  the  extent  that  could  be  reasonably 
looked  for)  some  discrepancies  under  which  the  former 
laboured.  The  additional  data,  which  form  the  groundwork 
of  the  present  recalculation  are,  chiefly,'  the  following : — 1 
Additional  observations  of  the  dip  and  force  at  the  central 
stations ;  2.  More  exact  values  of  the  latitudes  and  longitudes 
of  the  several  stations  at  which  observations  have  been  made; 
3.  Nearer  approximation  to  the  amount  of  the  annual  change 
of  dip ;  4.  Re-determination  of  the  corrections  to  be  applied 
to  some  of  the  dipping  needles ;  5.  Determination  of  the 
weights  of  the  several  results,  deduced  on  more  exact  prin- 
ciples. A  very  considerable  series  of  dip  observations  having 
been  made  by  Mr.  Lloyd,  in  Dublin,  it  occurred  to  him  that 
they  might  furnish  a  tolerable  approximation  to  the  amount 
of  the  annual  decrease  of  dip,  notwithstanding  the  limited 
space  of  time  (three  years)  over  which  the  observations  are 
spread.  Let  u  denote  the  probable  dip  at  a  given  epoch  (the 
1st  January,  1836);  a  the  observed  dip  at  any  other  time  ;  n 
the  number  of  effective  months  in  the  interval;  and  Aw  the 
monthly  decrease,  which  is  assumed  (in  accordance  with  the 
observations  of  M.  KupfFer)  to  take  place  during  the  eight 
months  from  May  to  December  inclusive.  Assuming  then 
(as  we  are  unacquainted  with  the  law  of  monthly  change)  that 
the  decrease  takes  place  uniformly  throughout  these  eight 
months,  it  is  manifest  that  each  of  the  results  will  furnish  an 
equation  of  condition  of  the  form — 

u-^-n^uzzia; 
and  if  we  combine  these  equations  by  the  method  of  least 
squares,  We  obtain  the  most  probable  values  off/  and  Aw, — i.e., 
the  most  probable  values  of  the  dip  at  a  given  epoch,  and  of 
its  monthly  change.  In  this  manner  it  is  found  that  the  annual 
decrease  of  dip  in  Dublin  is  2' .38.  The  recent  and  more 
complete  observations  of  Major  Sabine,  in  London,  make  the 
amount  of  the  annual  decrease  2'. 40 ;  and  the  close  agree- 
ment of  the  results  must  be  regarded  as  affording  a  strong 
mutual  confirmation.  The  next  subject  connected  with  these 
observations,  which  Mr.  Lloyd  desired  to  bring  under  the 
notice  of  the  Section,  is  the  correction  to  be  applied  to  the 
results  of  the  several  dipping  needles.  The  errors  of  dipping 
needles  may  be  ascribed  to  one  or  other  of  the  three  following 
sources : — 1.  The  friction  of  the  axle  on  its  supports;  2.  The 

R2 
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imperfect  curvature  of  the  axle  itself ;  3.  The  magnetism  of 
the  limb.  The  errors  arising  from  the  first-mentioned  cause, 
are,  however,  very  different  in  their  nature  from  those  due  to 
the  two  latter.  The  positive  and  negative  errors,  due  to  fric- 
tion, are  equally  probable ;  and  the  effect  of  the  disturbing 
cause  is  merely  to  widen  the  limits  of  probable  error.  The 
imperfect  curvature  of  the  axle,  and  the  magnetism  of  the 
limb,  however,  act  very  differently.  It  will  be  easily 
understood  that  either  of  these  sources  of  error  must, 
within  a  moderate  range  of  dip,  affect  all  the  results  in 
the  same  manner  ;  so  that  they  will  all  require  a  cor- 
rection having  the  same  sign;  and  when  the  range  of 
dip  is  very  small,  the  amount  of  the  disturbance  will  be 
nearly  the  same  in  all,  and  the  correction  required  will  be 
nearly  constant.  A  remsirkable  instance  of  one  of  these 
disturbing  influences  occurred  in  the  present  series  of  observa- 
tions. Having  purposely  destroyed  the  balance  in  two  of  his 
dipping  needles,  Mr.  Lloyd  proceeded  to  use  them  exclusively 
in  observations  of  intensity,  according  to  a  method,  the  prin- 
ciples of  which  have  already  been  laid  before  the  Association. 
The  results  thus  obtained,  were,  however,  so  anomalous,  that 
he  was  compelled  to  lay  them  aside  altogether.  After  some 
tedious  and  vain  attempts  to  discover  the  source  of  the 
anomaly,  Mr.  Lloyd  was  at  length  satisfied  that  the  needles 
were  under  the  influence  of  some  other  force,  besides  the 
earth's  magnetism  and  gravity ;  and  he  concluded  that  this 
disturbing  force  could  be  no  other  than  magnetism  in  the 
dip-circle  itself.  Trial  soon  verified  this  conjecture ;  and  he 
had  the  mortification  to  find  that  Ihe  apparatus  which  he  had 
been  long  using  was  throughout  magnetic ;  and  that  the 
magnetism  was  greatest  in  the  graduated  limb,  the  very  part 
in  which,  from  its  proximity  to  the  needle,  it  would  operate 
most  powerfully.  He  had  next  to  consider  the  painful 
question, — How  far  the  numerous  results  obtained  with  this 
instrument  were  vitiated  by  this  newly-discovered  source  of 
error  ?  Whether  they  were  entitled  to  any  confidence ;  and 
if  so,  what  were  the  probable  limits  of  error.  It  is  manifest 
that  if  the  ferruginous  matter  were  uniformly  distributed 
throughout  the  limb,  it  could  produce  no  disturbance  in  the 
position  of  a  needle,  which  (like  the  dipping  needle)  divides 
the  limb  symmetrically.  It  is  only  by  irregularity  in  its 
.  distribution,  that  the  magnetic  matter  of  the  limb  can  operate 
as  a  disturbing  cause ;  and  then  it  is  manifestly  only  by  the 
difference  of  the  attractions  on  the  two  sides  of  each  pole 
that  the  needle  is  actually  disturbed.     Hence,  though  the 
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magnetism  of  the  limb  may  exert  a  very  sensible  action  upon 
a  test  needle  9  in  a  position  at  right  angles  to  its  plane,  the 
eflfect  upon  a  dipping  needle  may  be  comp^atively  trifling. 
Mr.  Lloyd  next  proceeded  to  institute  a  series  of  experiments 
for  the  purpose  of  estimating  these  effects.  Their  result 
showed  that  the  anomalies  observed  were  produced  by  two 
centres  of  ferruginous  matter  in  the  neighbourhood  of  the 
zero  points  of  the  limb ;  but  they  likewise  showed  that,  in  the 
usual  positions  of  the  needle,  the  disturbance,  though  sensible, 
did  not  vary  rapidly  in  amount ;  so  that,  for  moderate  changes 
of  angle,  the  direction  of  the  needle  might  be  considered  to 
be  altered  by  a  constant  quantity.  Thus,  in  the  neighbourhood 
of  three  of  the  divisions  of  70%  the  needle  was  sensibly 
deflected,  and  in  such  a  manner  as  to  diminish  the  apparent 
dip :  but  the  deflection  did  not  vary  rapidly  with  the  angle  ; 
so  that,  for  small  changes  of  dip,  the  error  might  be  regarded 
as  nearly  constant.  Defective,  therefore,  as  the  apparatus 
was  in  this  respect,  Mr.  Lloyd  was  satisfied  that  the  differences 
of  dip  obtained  with  it  in  Ireland  might  be  relied  on  within 
the  usual  limits  of  error  in  good  instruments ;  and  that,  to 
obtain  the  absolute  dip  from  the  observed  results,  it  was  only 
necessary  to  apply  a  positive  correction,  which  may  be 
regarded  as  constant  throughout  the  series.  This  correction 
has  been  re-examined,  by  comparing  the  results  of  this  instru- 
ment in  Dublin  with  those  of  an  excellent  needle  made  by 
Gambey,  and  observed  by  the  method  of  arbitrary  azimuths, 
so  as  to  eliminate  the  errors  both  of  axle  and  limb.  The 
resulting  value  of  the  correction  is  almost  identical  with  that 
formerly  obtained.  In  combining  the  results  of  observation 
by  the  method  of  least  squares,  so  as  to  deduce  the  mean 
position  of  the  isoclinal  and  isodynamic  lines,  it  becomes 
necessary  to  know  the  relative  value,  or  weighty  of  each 
determination.  The  principles  on  which  these  were  assigned 
in  the  former  memoir  were,  in  some  degree,  arbitrary  and 
inexact ;  and  tended  consequently  to  distort  the  final  results. 
In  the  present  investigation,  use  has  been  made  of  a  beau- 
tiful theorem  of  the  calculus  of  probabilities,  demonstrated  by 
M.  Poisson.  This  theorem  fiirnishes  the  relation  between  the 
the  probable  error  of  the  quantity  finally  sought,  and  those  of 
quantities  actually  observed,  the  former  being  supposed  to  be 
a  linear  function  of  the  latter ;  and  from  the  known  relation 
between  the  probable  error  and  the  toeight,  it  admits  of  easy 
application  to  a  large  class  of  problems,  which  are  of  frequent, 
occurrence  in  investigations  like  the  presents    Athenceum, 

(To  be  continued,) 
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XL.    London  Electrical  Society. 


Tuesday,  August  1th. — Read^  Observations  respecting  the 
regular  Variations  and  other  Motions  of  the  Magnetic  Needle. 
By  Mr.  Leithead. 

The  author  considers  electricity  and  magnetism  to  be  two 
distinct  powers,  between  which  no  physical  analogy  has  been 
proved  to  exist.  The  variation  of  the  needle  he  states  to  be 
an  indirect  effect  of  electrical  action  depending  upon  a  dis- 
turbance or  temporary  counteraction  of  the  magnetic  by  the 
electric  power  ;  and  observes,  that  when  the  magnetic  inten- 
sity is  at  its  maximiun,  the  electric  intensity  is  at  its  minimum^ 
and  at  the  same  time  the  air  attains  its  maximmn  diurnal  in- 
tensity. Viewed  as  isolated  facts,  these  phenomena  appear 
as  unintelligible  as  they  are  curious ;  but  if  considered  in 
connexion  with  each  other,  the  author  thinks  them  of  great 
importance,  inasmuch  as  they  appear  to  afford  a  glimpse  of  a 
new  law  upon  the  operation  of  which  the  phenomena  are 
dependent.  The  following  is  Mr.  Leithead'a  view  of  the  sub- 
ject : — ^^  That  the  intensity  of  the  earth's  magnetism  is  tem- 
porarily increased  and  diminished  by  phenomena  depending 
upon  electrical  action."  The  annual  change  supposed  to 
depend  on  the  position  of  the  sun  in  reference  to  the  equinoctial 
and  solstitial  points,  the  diurnal  variations  of  magnetic  in- 
tensity from  which  we  have  selected  the  foregoing  elucidation 
of  Mr.  Leithead's  views,  the  variations  observed  during  the 
appearance  of  aurora,  thunder  storms,  and  other  phenomena 
depending  upon  electrical  action,  were  severally  considered  in 
support  of  his  opinion.  The  paper  evinced  much  care,  study, 
and  intelligence. 

After  a  discussion  on  the  foregoing  paper,  Mr.  Maugham 
communicated  his  progress  in  a  very  important  experiment, 
having  for  its  object  the  liquefaction  o{  one  or  both  of  the 
gases  constituting  water.  The  gases  .being  liberated  from 
water  by  galvanism,  in  a  strong  tube,  hermetically  sealed,  are 
thus  exposed  to  their  own  pressure.  He  was  encouraged  to 
hope,  that  in  his  future  experiments  he  should  be  more  suc- 
cessful, and  he  would  from  time  to  time  bring  the  future  stages 
of  his  progress  before  the  society. 

Tuesday,  jiugust  2lst. — Read,  A  Paper  by  Mr.  Alison, 
On  certain  Electrical  Phenomena  observed  some  years  ago. 
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at  diflferent  seasons  and  temperatures,  and  at  elevations  varying 
from  5000  to  1 1,500  feet. 

The  author  having  resided  during  a  period  of  thirty  years 
in  a  mountainous  and  volcanic  country,  and  having  devoted 
much  of  his  attention  to  volcanoes  in  the  actual  sphere  of 
their  action,  is  convinced  that  many  of  the  phenomena  of 
nature  are  caused  by  electricity  and  magnetism. 

He  mentions,  that  on  mountains  of  the  second  and  third 
classes,  relatively  to  their  height,  the  electric  fluid  constantly 
follows  the  course  of  the  sun,  rising  with  it  till  it  reaches  the 
meridian,  and  declining  with  its  rays,  and  remaining  nearly 
motionless  during  its  absence.  On  tUe  Alps  all  is  tranqud 
during  the  night,  when  nature  appears  buried  in  a  profound 
sleep— all  is  stationary— ithe  clouds  accumulate  and  envelope 
the  mountains,  and  rest  motionless ;  but  as  soon  as  the  sun 
touches  the  horizon,  electricity  shows  itself  with  the  light  of 
day,  disperses  the  clouds,  and  directs  itself  towards  the  west, 
increasing  its  force  in  proportion  to  the  angle  which  the  sun's 
rays  form  with  the  horizon  till  vertical  in  the  meridian,  when 
the  electric  power  decreases  in  proportion  as  the  angles  become 
smaller,  till  the  srai  descends  below  the  horizon.  At  midnight, 
however,  electricity  is  observed  in  a  slight  degree,  after  which 
it  remains  imperceptible  till  the  rising  of  the  sun. 

."  In  mountains  which  are  covered  with  perpetual  snow,  a 
strong  electric  current  is  observed  from  north  to  south,  at  an 
elevation  of  from  7000  to  8000  feet,  which  corresponds  to  the 
mean  temperature  of  lat.  60*  to  70*. 

'^  The  aurora  borealis  shows  us  that  towards  that  latitude 
the  electric  fluid  abandons  the  earth  and  takes  an  inverse 
direction  towards  the  sun,  that  is  from  north  to  south,  under 
an  angle  of  45°."  This  may  be  the  cause  of  the  perpetual 
current  of  the  icy  sea  between  the  parallels  of  60°  and  70°, 
and  ceases  in  lat.  55^  north  and  40°  south. 

Space  will  not  permit  us  to  follow  the  author  in  his  interest- 
ing account  of  the  phenomena  exhibited  by  the  volcanoes  of 
Stromboli,  Teneriffe,  and  others,  as  also  in  his  views  on  the 
connexion  between  electricity  and  magnetism,  &c. 

At  the  conclusion  of  the  evening  an  electrical  eel  fgymno- 
tus  electricus,}  taken  in  the  river  Amazons,  in  South  America, 
was  exhibitea  to  the  members,  and  excited  considerable 
attention.  It  is  nearly  four  feet  long,  and  the  transverse 
diameter  of  the  body  about  three  and  a  half  inches.  There 
are  two  pairs  of  electrical  organs  of  different  sizes,  and  placed 
on  different  sides ;  the  large  one  occupies  the  whole  of  the 
lateral  part  of  the  fish,  constituting  the  thickness  of  its  fore 
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part^  and  extending  from  the  abdomen  to  the  narrow  end  of 
the  tail,  where  it  terminates  nearly  in  a  point.  The  two  or- 
gans are  separated  at  the  upper  part  by  the  muscles  of  the 
back,  at  the  lower  part  by  the  middle  partition,  and  by  the 
air-bag  at  the  middle  part.  The  lesser  organ  stretches  along 
the  lower  edge  of  the  fish,  and  nearly  as  far  tis  the  others,  ter- 
minating almost  insensibly  near  the  end  of  the  tail.  Its  power 
has  greatly  decreased  in  a  cold  climate,  but  if  placed  in  a  tem- 
perature of  70°  to  80°,  it  would  recover  its  force. 

The  subject  of  the  electricity  of  the  torpedo  has  excited 
considerable  attention  through  the  experiments  of  M.  Mat- 
teucci,  (See  Annals  of  Electricity,  vol.  2,  p.  290),  but  the  op- 

{ortunity  of  experimenting  in  this  country  has  seldom  offered, 
t  has  been  stated  that  more  specimens  of  this  animal  will, 
through  the  influence  of  one  of  the  members  of  the  society, 
shortly  arrive  in  this  country.  We  hope,  therefore,  that  by 
the  exertions  of  this  infant  society,  some  further  light  may  be 
thrown  on  this  very  interesting  branch  of  the  science. 

Tuesday^  September  ^th. — A  paper  by  Mr.  Clarke,  entitled. 
Experiments  in  Magnetic  Electricity,  was  read.  In  previous 
notices  of  this  society,  we  have  had  occasion  to  comment 
favorably  upon  the  experimental  investigations  of  individual 
members,  as  well  as  upon  their  theoretical  views,  and  to  ex- 
press our  favorable  opinion  of  their  importance.  We  have, 
however,  always  leaned  towards  experimental  researches,  and 
urged  a  collection  of  facts  in  preference  to  speculative  theories. 
To  theorise,  it  is  true,  is  to  cause  people  to  think,  but  to  regis- 
ter experiments  is  to  cause  others  to  sift  and  test,  and  thereby 
establish  data  for  fixed  laws.  And  upon  experimental  inves- 
tigation must  chiefly  depend  the  reduction  of  the  wonderful 
phenomena  to  these  laws.  The  importance  of  that  desideratum 
requires  no  advocacy.  For  many  years  the  attention  of  elec- 
tricians has  been  directed  to  this  point,  and  the  discovery  of 
the  connexion  of  electricity  and  magnetism  has  considerably 
augmented  the  chances  of  its  attainment.  Yet  they  may 
possibly  be  very  far  from  success,  and  probably  because  from 
want  of  experiments  on  a  large  scale.  Certain  phenomena, 
constantly  observed  and  invariably  within  the  limits  of  past 
investigations,  though  so  microscopic  in  comparison  with  the 
splendour  of  this  mighty  agent  when  exhibited  on  the  grand 
scale  of  nature,  have  been  considered  sufficiently  established 
to  form  a  sure  foundation  for  the  theoretic  superstructure : 
but  the  least  error  in  the  basis  of  a  science  must  inevitably 
lead  to  its  overthrow,  and  the  sooner  such  errors  be  detected 
the  better.     The  experiments  about  to  be  described,  may. 
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perhaps,  be  a  step  towards  attaining  true  principles  by  in- 
creasing and  extending  the  boundaries  of  our  experimental 
observations.     The  dimensions  of  the  machine  with  which 
these  experiments  were  performed,  greatly  exceed  any  other 
that  has  yet  been  placed  on  record.      The  magnetic  battery 
being  vertical,  the  armatare  rotates  at  its  opposite  sides.  The 
^ttfflitity  arrangement  being  at  one  side  and  the  intensity  one 
on  the  other.     The  result  of  the  first  experiments  was  so  oppo- 
site to  what  had  been  anticipated  by  the  author  that  the 
arrangement  was  supposed  to  be  defective.      The  quantity 
armature  was  furnished  with  a  short  coil  of  thick  insulated 
copper  wire,  and  the  intensity  armature  with  15.375  yards*  of 
fine  copper  wire.     On  trying  the  electro-gasometer  with  the 
intensity  arrangement,  no  decomposition  took  place,  although 
the  shock  obtained  by  it  was  most  excruciating,  perhaps  even 
dangerous,  to  a  single  individual  in  the  circuit.     The  decom- 
posing power  of  the  quantity  arrangement  was  next  tried  and 
one  cubic  inch  of  gas  obtained  in  four  minutes.    This  appear- 
ing to  the  author  to  be  a  novel  fact,  it  was  supposed  to  be 
caused  by  a  compound  action  produced  by  the  rotation  of  the 
two  armatures,      Mr.  Clarke  therefore  determined  to  arrange 
the  magnets  similarly  to  those  of  the  machines  he  had  been  in 
the  habit  of  constructing.     The  only  difference  consisting  in 
the  sizie  of  the  instrument  and  in  the  means*  of  communicating 
motion  to  the  revolving  armature,  namely,  by  a  crank  and 
treadles  similar  to  the  lathe.     The  compound  magnet  con- 
sists of  ten  bent  steel  bars,  each  four  feet  long;  the  whole 
weighing  156  lbs.     Ivory  was  made  use  of  to  retain  the  wires 
on  the  armatures,  in  lieu  of  brass  plates,  which  the  author 
supposed  gave  uncertain  results  owing  to  their  conducting 
property.     The  novel  results  of  the  experiments  were,  first, 
the  great  amount  of  gas  obtained  by  the  quantity  arrange- 
ment, in  one  instance  one  cubic  inch  in  one  miimte  and  a  half, 
which  result  confirmed  the  correctness  of  the  original  arrange- 
ment.    The  second  was  the  trifling  decomposing  effect  from 
the  intensity  arrangement.     The  gasometer  employed  in  the 
experiments  was  furnished  with  two  slips  of  platina,  one  inch 
in  length,  and  three-eighths  of  an  inch  in  breadth ;  but  the 
decomposing  power  was  considerably  increased  by  the  sub- 
stitution of  fine  pointed  wires  of  platina.     The  next  experi- 
ments, briefly  alluded  to,  referred  to  the  different  appearance 
of  the  spark  with  various  modifications  of  the  armature.  With 
the  intensity  arrangement  a  long  straggling  noiseless  spark  is 
obtained,  having  much  resemblance  to  the  spark  which  passes 

*  Such  was  Mr.  Clarke's  statement  of  its  length. 
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from  a  low  charge  (rf  the  prime  conductor  of  an  electric  machine 
to  a  body  placed  at  a  short  distance.  The  quantity  arrange- 
ment gives  a  spark  which  not  only  has  the  usual  stellar  form, 
but  is  accompanied  with  a  snapping  resembling  that  of  a  higher 
charged  conductor.  Although  these  distinctions  exist  between 
the  sparks,  they  both  appear  equally  luminous.  The  illustra^ 
tive  experiments  were  mostly  very  good.  The  best  sparks,  as 
is  usual  with  these  machines,  were  those  from  the  surface  of 
mercury. 


XU.    MISCELLANEOUS  ARTICLES. 

JVote  on  Mr,  Murray*s  defence  of  Mr,  R,  W,  Fox^$ 
theories.  By  W.  J.  Hen  wood,  Esq.  F.  G.  S.,  If,  M,, 
Assay  Master  of  Tin,  Secretary  of  the  Royal  Geological 
Society  of  Cornwall, 

To  William  Sturgeon,  Esq,,  8fc,  8fc, 

My  dear  Sir, 

I  have  shown  (./^/i/ia/^  o/  Electricity,  vol,  I.,p.  227.),  that, 
in  the  experiment,  of  which  the  explanation  ^as  been  so  much 
discussed  between  Mr.  R.  W.  Fox  and  myself,  the  solution 
which  is  at  first  saturated  with  the  sulphate  of  copper,  becomes 
quickly  capable  of  dissolving  more  of  that  salt ;  and  that  until 
such  an  addition  is  made  to  it^  the  colour  at  first  induced  on 
the  copper  pyrites  remains  unaltered,  but  that  after  more  of 
the  sulphate  of  copper  is  introduced  it  becomes  deeper^  and  so 
on  by  successive  additions. 

Mr.  R.  W.  Fox(Annals,  vol.  II.,  p.  115.)  takes  an  objection 
to  this  experiment  because  two  ores  of  copper  (which  I  had 
used  several  years  since)  were  employed;  and  says  it  was  only 
when  "  zinc  or  some  other  electro  positive  metals"  were  em- 
ployed, that  the  ore  was  changed  from  the  state  of  pyrites  to 
that  of  sulphuret  of  copper. 

I  have  made  the  experiment  in  that  manner,  and  find  that 
a  solution  saturated  at  first,  becomes  in  a  short  time  capable 
of  taking  up  more  sulphate  of  copper  in  that  case  also. 

I  repeat  my  enquiry,  what  produces  this  capability  of  dis- 
solving  more  of  the  salt,  for  the  solution  was  saturated  at 
first  ? 

You  (Annals,  vol.  IL,p.  1 1 5.)  as  well  as  Mr.  Murray  (jinnals, 
vol.  III.,  p.  64.),  seem  to  adopt  Mr.  R.  W.  Fox's  explanation  of 
the  change  of  one  ore  into  another,  in  preference  to  that 
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drawn  from  M.  Becquerel,  of  the  gtef  cmst  b^ing  snlpkuret 
deposited  in  conseqiienceoftbedecompositum  of  toe  sulphate. 

Neither  you,  Mr.  R.  W.  Fox,  nor  Mr.  Murray  have  stated 
why  you  prefer  the  new  (and  as  I  think  more  difficult)«S8iUQp- 
tion,  in. preference  to  the  old  and  more  obyioQs  one  ;  nor^an 
I  see  one  experiment  which  &vours  the  ferraer.  Permit  me 
respectfully  to  solicit  a  reason  for  this  preference. 

I  bavesaid^  and  I  repeat,  there  are  chemical^objectionHto 
this  new  explanation;  according  to  all  the  acknowledged  forms 
of  proceeding  the  oniLS  probandi  rests  with  the  propounder  of 
a  new  doctrine.  I  therefore  repeat  my  call  on  Mr.  R.  W.  Fox 
to  show  the  consistency  of  his  views  with  chemical  phenomena. 
My  objections  can  only  properly  come  after  his  ease  is  stated; 
and  notwithstanding  the  adroitness  with  which  he  endeavours 
to  shift  the  onus  on. me,  it  is'  not  the  fair  or  usual  course  of 
proceeding,  for  the  objections  to  be  taken  before  the  novelty 
is  brought  forth. 

I  remain  my  dear  Sir, 

Your  much  obliged  and  faithful  servant, 

W.  J.  KENWOOD. 
4,  Clarence  Street,  Penzance, 
July,  23,  1838. 

P.S.  I  have  repeated  the  expmment  of  the  action  of 
voltaic  electricity  in  the  manner  described  by  Mr.  R.  W.  Fox, 
and  though  the  apparatus  was  kept  in  action  several  months, 
there  was  not  the  slightest  appearance  of  lamination  in  the 
clay  interposed. 


Anstver  to  Mr,  Henwood^s  Letter. 

My  Deal*  Sk, 
In  answer  to  your  enquiries  respecting  my  reason  for 
preferring  the  theory  of  Mr.  Fox  to  that  of  M.  Becquerel  on 
the  subject  in  question,  I  have  only  to  say  that  I  have  never 
yet,  either  publicly  or  privately,  given  any  opinion  whatever 
respecting  either  of  them.  The  specimen  of  c(q^r  ore 
which  Mr.  Fox  sent  to  me,  had  every  appearance  of  haviiig  a 
coating  of  sulphuret  to  some  depth.  I  showed  it  to  Mr. 
Bachhoffiier,  who  also  considered  the  exterior  to  be  a  sul- 
phuret, and  said  that  he  had  himself  produced  similar  speci- 
mens by  repeating  Mr.  Fox's  experiment.  As  to  the  coating 
of  sulphuret  being  a  result  of  conversion  from  the  original 
bisulphuret,  rests  entirely  on  Mr.  Fox's  statement:  for  it 
would  be  impossible  for  me  or  any  other  person,  unacquainted 
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with  the  particulars  of  the  experiment,  to  have  a  perfect 
knowledge  of  the  origin  of  the  sulphuret.  I'he  confidence  which 
I  considered  I  had  a  right  to  repose  in  Mr.  Fox's  statement, 
in  connexion  with  the  facts  presented  by  the  specimen  sent 
to  me  by  that  gentleman,  gave  no  room  to  doubt  of  its  correct- 
ness. Knowing  also  that  another  specimen  of  Mr.  Fox's 
factitious  copper  ore  had  previously  been  chemically  examinied 
and  found  to  approach  "  so  nearly  to  that  of  the  Cornish 
sulphuret  as  to  warrant  the  conclusion  of  its  being  the  same 
chemical  compound :"  and  that  '^  the  soluble  salt  was  found 
to  be  a  sulphate  of  copper  and  iron,  which  accounts  for  the 
iron  that  the  yellow  copper  ore  had  lost  during  its  conversion 
into  sulphuret,"*  I  could  not  hesitate  for  a  moment  to  suppose 
that  the  transformation  had  actually  taken  place.  Still, 
however,  as  I  have  before  stated,  as  I  was  not  acquainted  with 
all  the  particular  circumstances  attending  Mr.  Fox's  experi- 
ment, it  would  beimpossible  to  form  a  correct  idea  of  the  nature 
of  the  process  by  which  the  sulphuret  was  formed.  Hence  it 
was  that  I  did  not  positively  state  that  the  transformation 
from  the  bisulphuret  to  the  sulphuret  actually  took  place. 
But  from  all  the  circumstances  connected  with  my  informa- 
tion, I  think  you  will  allow  that  there  was  no  impropriety  in 
stating  that  the  specimen  sent  to  me  ^^ appeared  to  be  satisfac- 
tory evidence  of  the  change  which  had  taken  place."t 

From  this  explanation  I  hope,  my  dear  sir,  you  will  easily 
perceive  that  the  expression  was  far  from  being  of  that  positive 
character  which  a  decided  opinion  in  favour  of  any  'theory 
would  have  necessarily  demanded :  and  you  may  rest  perfectly 
assured  that  it  is  very  far  from  my  intention  to  enter  into  any 
part  of  the  controversy.  The  subject,  however,  is  so  exceed- 
ingly interesting,  that  I  have  been  induced,  as  you  are  well 
aware,  to  repeat  Mr.  Fox's  experiments :  and  in  order  that 
I  might  proceed  with  them  in  the  most  favourable  manner 
for  arriving  at  similar  results,  I  solicited  the  favour  of  that 
gentleman  to  furnish  me  with  similar  materials  to  those  he 
employed.  My  request  being  politely  granted,  the  experiments 
were  immediately  commenced}  and  are  yet  in  process.  When 
they  are  completed,  the  results,  whatever  they  may  be,  will  be 
submitted  to  the  consideration  of  the  Electrical  Society. 
You  wiU,  therefore,  excuse  me  from  giving  any  theoretical 
views  at  present ;  for  should  I  be  induced  to  give  a  decisive 

♦  Jiondon  and  Edinburgh  Phil.  Mag.  &c.  Vol.  X,  p.  171. 

+  Annals,  Vol.  11,  p.  11 5,  note. 

+  See  Annals,  Vol.  II.  p.  395,  475. 
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opinion  of  the  theory  of  the  action,  it  will  be  formed  from  the 
results  of  my  own  experiments,  and  not  from  any  other  source 
of  information. 

I  am. 

My  Dear  Sir, 
Westmoreland  Cottage,  Yours  very  truly, 

Sept.  1838.  W.  STURGEON. 


Aurora  Borealis, 

The  Aurora  Borealis,  after  a  rather  long  absence  from  this 
neighbourhood,  has  again  made  its  appearance,  and  displayed 
its  transient  beams  twice  or  more  times,  within  the  last  week. 
On  Sunday  evening,  the  16th  instant,  I  observed  an  unusually 
strong  light  among  the  clouds  in  the  northern  parts  of  the 
heavens :  from  which  I  suspected  that  an  aurora  had  either 
appeared  in  an  earlier  part  of  the  evening,  or  that  it  was 
about  to  show  itself.     The  light  soon  became  much  stronger, 
probably  from  the  dispersion  of  the  clouds,  which  had  now 
mostly  left  the  theatre  of  display  ;  and  the  aurora  was  identi- 
fied by  a  few  vertical  dim  streamers  that  occasionally  gleamed 
on  the  eastern  side  of  the  north  point  of  the  meridian.     The 
general  glare  of  light  became  much  stronger  in  a  very  short 
time  afterwards,  and  about  9  o'clock,  or  perhaps  a  little  after, 
undulatory  waves  of  light  rolled  upwards  in  a  very  magnificent 
manner.     At  this  time  there  did  not  appear  any  indication  of 
that  black  segment  which  is  usually  seen  beneath  the  brightest 
part  of  an  q^urora ;  and  the  light  was  so  strong,  and  generally 
difiused  in  the  northern  heavens  as  to  prevent  ascertaining, 
with  exactness,  both  the  source  of  the  waves  and  also  the 
highest  altitude  to  which  they  ascended.     They  seemed  to 
come  into  existence  at  about  8*^  or  10°  of  altitude,  and  roll  to 
elevations  between  20°  and  60° ;  and  some  of  them  might 
possibly  ascend  much  higher  than  the  latter  altitude.     The 
waves  stretched  horizontally  across  the  meridian,  to  between 
40°  and  50°  east  and  west.     They  had  very  much  the  appear- 
ance of  illuminated  vaporous  matter,  and  did  not  undulate  at 
a  very  brisk  rate.     They  were  densest  at  their  commencement, 
and  became  gradually  more  and  more  attenuated  as  they 
ascended  the  heavens,  and  vanished  at  their  terminal  margins 
in  the  softest  diffusions  of  pale  expiring  auroral  light.     The 
waves  were  succeeded  by  a  few  gentle  streamers  of  consider- 
able length,  but  without  much  motion ;  and  mostly  displayed 
on  the  western  side  of  the  meridian.     It  is  very  probable  that 
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had  there  not  been  bxxxAl  a  general  glare  of  light  in  the  northern 
part  of  the  heavens,  many  more  streamers  would  have  been 
seen.  The  sky  became  quite  clear  of  clouds  a  short  time  after 
the  disappearance  of  the  waves ;  and  the  central  part  of  the 
aurora  had  obviously  taken  a  position  nearly  in  the  magnetic 
meridian,  althongk^  prior  to  the  appearance  of  the  waves,  the 
region  of  strongest  light  was  as  obviously  on  the  eastern  side 
of  the  true  meridian. 

WILLIAM  STURGEON. 
Westmoreland  Cottage, 
Pomeroy  Street,  Old  Kent  Road. 
Sept.  29,  1838. 


Luna  Iris, 

This  exceedingly  rare  phenomenon  was  witnessed  on  Sun- 
day evening,  between  8  and  9  o' Clock,  at  Charlton  in  Kent, 
bearing  N.  W,  by  W.  stretching  across  the  horizon  towards 
the  nadir,  obliquely  besetting  the  milky  way,  at  an  angle 
of  45-. ♦ 

Times,  Sep.  20,  1838. 


Kennington  Grammar  School, 

September,  19,  1838. 

Dear  Sir, 

Having  witnessed  a  display  of  the  Aurora  Borealis  on  the 
evening  of  Thursday,  the  13th.  instant,  I  have  endeavoured 
to  describe  it :  although,  in  doing  so,  I  am  unable  to  be  mi- 
nute because  of  the  brief  space  of  time  during  which  I  had 
the  opportunity  of  seeing  it. 

About  11,  P.M.,  while  passing  towards  London  (along 
the  right-hand  side  of  Clapham  Common),  the  moonless 
eveniug  was  observed  to  be  unusually  light.  I  did  not  at  first 
anticipate  the  cause;  but  on  a  belief  that  it  might  be  the 
Aurora,  and  not  being  perfectly  acquainted  with  the  bearing 
of  the  localities,  I  turned  toward  the  heavens  to  obtain  a  view 
of  Ursa  Major,  as  being  the  first  and  most  prominent  con- 
stellation that  occurred,  but  it  was  hidden.  Then  I  discovered 
that  a  large  arch,  or,  more  properly  speaking,  segment  of  a 

*  This  was  probably  some  of  the  effects  of  the  Aurora  Borealis^ 
which  was  seen  on  the  same  evening.     Edit. 


MUcellaneous  Articles.  343 

circle,  appeared  filled  with  white  light,  in  the  northern  qiuurter 
of  the  heavens.  The  greatest  height  might  have  been  20*  or 
30*.  From  the  circumference  of  this  proceeded  rays  (or  belts 
rather)  of  red  light  converging  toward  the  zenith. 

In  ten  minutes  after  first  observing  it,  the  phenomena,  dis- 
appeared. This  sudden  disappearance  made  me  hesitate 
before  sending  an  account :  but  hearing  that  it  was  visible 
again  on  Sunday,  and  having  on  that  day  myself  observed  it 
(though  not  so  manifestly),  1  have  written  this  very  imperfect 
account. 

Judging  from  circumstances,  I  should  imagine  that  the 
centre  of  the  luminous  space  was  some  few  degrees  west  of 
north. 

I  remain, 
Dear  Sir, 
Your  obedient  Servant, 
CHARLES  V.  WALKER. 
To  W.  Sturgeon,  Esq. 


On    the    appearance    of  Encke^s    Comet    in  the  autumn 

of  the  present  year. 

Extract  from  a  Letter  from   Dr.    Others    to    Professor 
Grutthuisen,  dated  Bremen,  3lst  Decembery  1837, 

(Translated  from  the  German.) 

The  heavens  do  not  at  present  show  us  much  novelty. 
Comets  are  become  very  scarce.  Are  they  so  in  reality,  or 
does  this  arise  from  our  not  having  as  yet  any  worthy  suc- 
cessors of  Pons,  Gambard,  Harding,  and  others,  whose  search 
for  them  was  so  unceasing  and  so  well  repaid? 

One  comet,  however,  Encke's,  we  shall  for  a  certainty 
see  in  1838 ;  on  which  occasion  that  little  body  will  present 
itself  to  us  as  beautifully  and  distinctly  as  it  ever  can  before 
reaching  its  perihelium. 

According  to  a  communication  for  which  I  am  indebted 
to  the  kindness  of  Professor  Encke,  it  will  attain  its  perihelium 
at  noon,  on  the  19th  of  December,  1838. 

In  1795,  when  my  attention  was  first  drawn  to  this  remark- 
able body,  it  was  in  a  similar  position  on  the  21st  of  Decem- 
ber :  its  apparent  path  therefore  will,  in  1838,  be  nearly  the 
same  as  on  that  occasion,  but  it  will  have  a  more  northerly 
and  westerly  direction. 

The  comet  now  too  will  approach  the  earth  closer  than  it 
did  then,  almost  as  close  indeed  as  it  can,  under  any  circum- 
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stances,  come.  It  will  be  visible  through  a  telescope  at  the 
beginning  of  September,  near  Masca;  and  during  that  month 
and  the  first  half  of  October  it  will  pass  up  between  the  Tri- 
angle and  Medusa's  Head,  and  between  Andromeda  and  Per- 
seus. It  will  then  proceed  with  increased  velocity  right  across 
Cassiopeia  and  the  shoulders  of  Cepheus ;  and  from  thence  it 
will,  in  November,  at  first  rapidly  and  by  degrees  slower, 
descend  between  Draco,  Cygnus,  and  Lyra,  to  Hercides, 
whose  left  side  it  will  pass  along,  and  then  proceed  across  his 
neck  and  club.  Finally  it  will  direct  itself  through  the  west 
hand  of  Ophiuchus,  and  then  towards  his  west  leg  ;  its  motion 
having  now  become  direct  again,  will  be  lost  to  us  in  that 
neighbourhood,  in  the  early  part  of  December,  in  the  rays  of 
the  sun. 

Towards  the  end  of  October,  and  in  the  first  half  of 
November,  it  will,  in  all  probability,  be  distinctly  visible  to  the 
naked  eye. 


Recipe  for  an  Alloy  in  imitation  of  Gold. 

An  alloy  is  made  in  Germany,  (Munich)  of  zinc  and  copper 
called  Chrysorin^  on  account  of  its  perfect  resemblance  to 
gold  of  twenty  carats.  This  quality  depends  on  its  contain- 
ing the  exact  proportion  of  fifty-one  parts  of  zinc,  to  one 
hundred  parts  of  copper;  for  if,  by  a  heat  too  powerful  or 
too  long  continued,  a  portion  of  the  zinc  becomes  volatilised, 
nothing  but  common  brass  is  produced,  without  lustre, 
containing  fifty  parts  of  zinc  and  one  hundred  of  copper. 

The  greatest  precautions,  therefore,  are  requisite  in  the. 
fusion  of  the  two  metals.  They  begin  by  putting  into  the 
bottom  of  the  crucible  one-third  of  the  requisite  quantity  of 
zinc,  and  over  it  all  the  copper  which  is  covered  with  a 
vitreous  flux.  This  is  heated  in  an  air  furnace  until  the 
copper  is  well  melted,  which  is  known  by  its  assuming  a 
mirror-like  surface  under  the  flux.  The  rest  of  the  zinc  is 
then  added  in  small  pieces. 

Jour,  de  Connais.  Usuelles, 
Jour.  Frank,  Ins. 
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XLII.  Description  of  the  Hydroplasson,  a  portable,  sim- 
pie,  and  perfectly  secure  self-acting  Instrument  for  ex- 
hibiting the  composition  of  water  from  the  combustion  of 
its  gaseous  constituents  in  a  state  of  previous  admixture. 
By  W.  F.  Weeks,  Esq.,  Lecturer  on  Philosophical  and 
Operative  Chemistry,  Sfc.  8fc.,  Sandwich. 

The  Annals  of  Chemical  philosophy  cannot,  perhaps,  fur- 
nish a  more  signal  and  brilliant  triumph  than  that  afforded 
by  the  synthesis  or  composition  of  water  from  two  perfectly 
invisible  aeriform  fluids,  and,  though  frequent  repetition  of 
this  grand  experiment  (the  results  of  which  to  the  uninformed 
beholder  appeared  little  short  of  those  marvels  attributed  to 
the  wand  of  the  pretended  magician  of  ancient  days),  has,  by 
abstracting  the  novelty^  in  some  degree  dissolved  the  charm, 
and  substituted  a  more  praiseworthy  excitement  to  enquire 
into  cause  and  effect ;  the  exhibition  is  one  still  resorted  to  by 
the  man  of  science,  and  witnessed  by  the  ordinary  observer, 
with  a  rational  feeling  of  interest  and  admiration. 

The  rapid  advances  of  modem  science,  and  much  of  the 
successful  issue  which  has  obtained  in  the  researches  of  its 
various  cultivators,  I  presume  may  be  fairly  attributed,  not 
merely  to  the  increase  of  philosophical  knowledge,  but  to  the 
greater  facility  as  well  as  certainty  arising  to  the  experi- 
mentalist from  the  improved  state  of  his  instruments,  com- 
bining, as  many  of  them  now  do,  economy  with  operative  con- 
venience and  precision.  While  I  have  long  been  a  gratified 
observer  of  what  has  been  effected  by  others  in  these  paths  of 
invention,  my  own  pursuits  have  frequently  rendered  it  expe- 
dient to  construct  a  variety  of  apparatus  adapted  to  demon- 
stration and  public  lectures,  much  of  which,  owing  to  my 
local  position,  there  was  no  hope  of  obtaining,  except  through 
the  united  agency  of  mental  and  operative  exertion.  The 
subject  of  this  paper  is  the  offspring  of  one  of  these  emer- 
gencies, and,  as  during  the  last  twelve  }ears,  the  instrument 
has  been  frequently  exhibited  in  public  and  adopted  in  private 
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use,  and  always  with  uniform  security  and  success,  I  think  I 
am  now  entitled  tg  speak  of  its  employment  with  as  much 
confidence  as  a  long  experience  can  warrant. 

Whoso  recollects  the  costly  aggregation  of  apparatus,  with 
the  cumbrous  gas  holders  to  boot,  formerly  employed  in  de- 
monstrating the  composition  of  water,  even  if  he  has  never 
had  occasion  to  resort  to  their  use,  will,  I  am  persuaded,  be  in 
a  situation  to  estimate  the  advantages  afforded  by  the  simple 
and  effective  instrument  I  am  now  to  describe ;  and  which, 
as  the  mechanical  agent  of  forming  water,  I  with  deference 
submit,  may  (as  most  of  our  sciezjitific  terms  have  a  Greek 
origin)  be  properly  denominated  the  Hydroplasson. 

In  fig.  1,  rlate  XL,  a  represents  a  pear  shaped  glass 
vessel,  the  largest  diameter  of  which  in  tlie  instrumeut  u.ow 
before  me  is  about  eight  inches,  and  the  height  about  ten  and 
a  half  inches.  These  dimensions.  I  believe,  will  be  found 
adequate  for  any  instrument  of  the  kind,  and  they  may  be 
somewhat  reduced  at  pleasure  without  any  disadvantage. 
This  vessel  is  manu&ctured  of  a  sufficient  thickness  to  bear 
as  great  a  degree  of  exhaustion  as  possible,  and  at  the  same 
time  to  cau9e  it  to  stand  firmly,  to  promote  which  objects  its 
weight  and  form  are  well  suited,  especially  if  the  bottom 
receive  ^  slight  depression  from  the  management  of  the  glass 
blower,  or,  what  is  still  better,  be  slightly  flattened  by  grinding. 
To  the  mouth  or  orifice  (two  and  three  quarter  inches  diameter) 
of  the  vessel  a,  is  securely  cemented  the  brass  cap  b  which 
descends  over  the  neck  of  the  glass  to  the  depth  of  an  inch 
and  a  half;  the  upper  circumference  of  this  cap  having  a  de^p 
screw  thread  cut  on  its  outside,  terminating  in  a  shottI4)e3:  of 
one  t^nth  of  an  inch  projection,  and  carrying  a  leather  collar 
which  renders  the  vessel  a.  air-tight  when  the  plate  c  with  its 
milled  edge  and  correspondent  screw  is  properly  attached. 
Through  any  convenient  part  of  the  plate  c,  near  its  circum- 
ference and  opposite  to  each  ,other,  pass  the  two  brass  wires 
d  and  e,  which  are  insulated  from  contact  with  the  plate  by 
small  corresponding  tubes  of  glass,  even  with  the  surface  of 
the  plate  above  and  descending  to  the  depth  of  an  inch  beneath 
it.  These  tubes  are  plugged  with  good  elastic  corks  through 
the  centre  of  which  the  wires  slide  freely  without  admitting 
air  to  the  vessel  a.  The  wires  d  and  e  are  bent  at  right  angles 
towards  their  inferior  extremities,  and  terminate  in  small  well 
polished  brass  balls,  which,  by  turning  in  the  glass  tubes 
before  mentioned,  may  be  made  occasionally  to  approximate 
within  three-tenths  of  an  inch  of  each  other.  The  upper  ex- 
tremity of  the  wire  d  terminates  in  another  brass  ball  half  an 
inch  in  diameter,  while  the  upper  lend  of  the  wire  e  is  again 
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bent  at  right  angles  and  terminates  in  another  brass  ball  of 
about  double  the  diameter  of  that  on  the  top  of  the  wire  d. 
Through  the  centre  of  the  plate  c  is  made  to  screw  firmly  and 
air-tight,  by  means  of  a  projecting  shoulder  and  leather  collar^ 
the  oxy-hydrogen  blowpipe  or  gas  deflagrator  jT,  the  safety 
tube  of  which,  three-fourths  of  an  inch  in  diameter  and  four 
inches  in  length,  terminates  in  a  jet  pipe  which  may  be  peirced 
for  the  passage  of  gas  with  an  orifice  of  from  one-tenth  to  one- 
twentieth  of  an  inch  somewhat  larger  or  smaller  at  pleasure. 
The  extremity  of  the  jet  pipe  should  descend  to  within  three- 
fourths  of  an  inch  of  the  knobs  d  e,  in  such  manner  that  the 
gas  may  be  delivered  in  a  direct  line  immediately  between  the 
two.  The  upper  end  of  the  safety  tube  is  furnished  with  a 
stout  brass  stop-cock,  as  seen  in  the  figure,  and  to  the  upper 
extremity  of  this  cock  is  attached,  when  required,  the  large 
bladder  or  caouchoue  gas  holder  g,  fitted  with  a  proper  socket 
and  connecting  piece,  after  the  usual  manner  in  which  unions 
of  this  description  are  efiected  in  many  chemical  manipula- 
tions. The  cavity  of  the  safety  tube /*  is  completely  charged 
with  finely  granulated  silex,  obtained  by  washinfffrom  what 
is  commonly  denominated  road  or  drift  sand.  This  granu- 
lated silex  allows  of  the  free  passage  of  gaseous  matter  when 
the  instrument  is  in  action,  and  at  the  same  time  ej9fectually 
prevents  the  recession  of  the  igneous  jet,  thus  ftimishing,  as 
long  experience  has  proved,  a  medium  of  absolute  security. 
I  may  here  perhaps  be  incidentally  allowed  the  mention  of  an 
oxy-hydrogen  gas  deflagrator  constructed  by  me  for  burning 
the  mixed  gases  from  a  single  reservoir  and  in  jets  of  extraor- 
dinary dimensions,  from  the  main  principle  of  which  apparatus, ' 
the  safety  tube  here  described  is  transferred.  The  principle 
of  the  blowpipe  alluded  to  I  have  had  several  years  in  active 
operation,  and  by  its  means  have  been  enabled  not  only  to 
employ  jet^s  with  orifices  mnch  larger  than  any  other  I  have 
ever  seen  or  known  used,  but  to  obtain  some  of  the  most 
decisive  and  brilliant  results  arising  from  this  most  powerful 
mode  of  applying  heat  to,  and  effecting  the  decomposition  of, 
refractory  bodies.* 

*  I  shall  at  any  time  feel  a  satisfaction  in  conamunicaiing  the 
principle,  and  describing  the  structure  of  this  blowpipei  either 
throuffh  the  medium  of  these  valuable  "Annals,"  or  to  private 
individuals  who  may  be  interested  in  scientific  pursuits.* 

*  We  cannot  but  ezprew  our  sincere  obligatious  to  Mr.  Weekf  for  the 
liberality  tbns  evinced  to  bis  fellow  labourers  in  tne  field  of  science ;  and  we  are 
weir  aware  that  our  readers  would  be  much  interested  by  a  description  of  the 
blowpipe  to  wliich  Mr  Weeks  hae  aUoded ;  and  he  may  rest  perfectly  assured 
that  we  shall  take  a  particular  pleasure  in  giving  it  an  early  publicity,  with  all 
the  illustrative  figures  which  its  ingenious  author  may  think  necessary.     Edit. 
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To  prepare  the  hydroplasson  for  use,  detach  the  gas  holder 
gy  and  having  opened  the  air  way  of  the  stopcock  h,  screw  the 
end  thereof  firmly  into  the  usual  recipient  for  such  purposes 
on  the  plate  of  an  air  pump,  when  the  vessel  a  will  be  securely 
supported  in  an  inverted  position.  Having  exhausted  the  air 
as  far  as  possible  from  the  vessel  a,  close  the  stop-cock  A, 
remove  the  instrument  from  the  pump  plate,  and  connect 
therewith  the  gas  holder^  charged  with  the  two  requisite  gases 
in  a  state  of  previous  admixture,  and  in  their  known  propor- 
tionate volumes  for  forming  water.  This  done,  adjust  the 
knobs  d  e  to  B.  fitting  position  l^y  turning  their  respective 
wires,  and  then  pilace  the  instrument  within  a  convenient  dis- 
tance of  the  electric  machine,  so  that  the  knob  of  the  wire  e 
may  be  within  striking  distance  of  the  ball  conductor  k.  Now 
open  the  air  way  of  the  stop- cock  h  partially,  so  as  first  to 
admit  a  very  fine  jet  of  the  mixed  gases  to  the  vessel  a.  At 
the  same  instant  place  a  finger  of  the  left  hand  on  the  knob 
of  the  wire  d,  while  the  right  hand  is  employed  in  turning  the 
electric  machine,  and  a  rapid  succession  of  sparks  transmitted 
from  the  knob  e  to  the  opposite  one  d  will  instantly  ignite 
the  jet  of  gas  passing  directly  between  them.  The  admission 
of  gas  may  now  be  regulated  at  pleasure  by  adjustment  of  the 
stop-cock  hy  and  in  a  few  seconds  a  copious  dew  will  be  seen 
to  deposit  on  the  inner  surface  of  the  vessel  a,  and  by  con- 
tinuing the  operation  water  in  considerable  quantity  will  be 
collected  at  the  bottom.  It  is  hardly  necessary  to  observe 
that  when  the  atmospheric  pressure  has  forced  the  whole 
volume  of  gas  from  the  holder  g,  a  second  or  third  may  be 
attached  with  very  little  loss  of  time,  for  if  the  apparatus  be 
made  air-tight  and  the  operation  skilfully  managed,  a  sufficient 
degree  of  vacuum  will  be  maintained  within  the  vessel  a  which 
will  not  need  to  be  a  second  time  exhausted. 


XLIII.  On  the  Propagation  of  Electrical  Currents  through 
Liquids.     By  M.  Charles  Matteucci.* 

(  Continued  from  page  326.^ 

CHAPTER  HI. 

On  the  influence  of  the  extent  of  surface  of  electrodes  en 
the  inte?isity  of  the  current  they  propagate  in  a  liquid, 

'  It  is  a  well  known  fact  that  if  an  electric  current  be  trans- 
mitted through  a  liquid  by  two  metallic  plates,  the  intensity 
of  the  current  is  increased  by  the  augmentation  of  the  surface 

♦  Translated  by  Mr.  J.  H.  Lang. 
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of  these  plates.  M.  De  la  Rive  was  the  first  who  tried  to 
determine  the  laws  of  these  phenomena,  and  he  has  shown,  in 
a  very  important  memoir,  that  this  augmentation  of  intensity, 
which  results  from  the  greater  extent  of  the  electrodes, 
increases  in  a  larger  proportion  than  the  surface  itself,  when 
the  current  is  feehle,  and  vice  versft  when  the  current  is 
intense.  In  the  undertaking  already  mentioned,  I  had  myself 
confirmed  the  con  elusions  of  the  learned  philosopher  of  Geneva. 

There  yet  remains  to  determine  more  perfectly  the  laws  of 
this  phenomenon,  with  regard  to  the  difierent  circumstances 
depending  on  the  force  of  the  pile,  and  the  conductibility  of 
the  reophorous.  These  researches  will  be  stated  in  this 
chapter,  combining  with  them  those  which  establish  the 
reciprocal  influence  exercised  by  the  three  reophorous  ele- 
ments among  themselves,  viz.,  the  nature  and  volume  of  the 
liquid,  and  the  surface  of  the  electrodes.  I  shall  still  follow 
the  same  course,  viz.,  beginning  with  the  description  of  the 
results  obtained  from  a  feeble  pile.  These  experiments  were 
made  with  platiua  electrodes,  one  centimetre  in  width. 

The  electrodes  were  first  immersed  in  the  liquid,  one  centi- 
metre square,  they  were  afterwards  successively  increased  from 
this  same  quantity.  The  distance  between  the  electrodes  was 
eight  centimetres.  The  liquid  of  the  pile  and  that  of  the 
reophorous  was  distilled  water.  The  pile  was  such  as  we 
have  already  described. 

1*^  Tahle* 


Number 

Extent  of  surface  of  the  electrodes. 

of 

pairs. 

Ice. 

3C.C. 

4C.C. 

6«  c. 

5e.a 

10 

30  int. 

id.  int. 

SOint 

80  int. 

SOiot. 

20 

40 

52 

80 

9> 

»> 

40 

45 

55 

80 

>» 

»> 

60 

62 

80 

80^ 

»» 

>• 

100 

55 

80 

80 

>» 

n 

I  made  the  liquid  reophorous  a  be{ter  conductor  by  adding 
a  few  drops  of  sulphuric  acid,  and  the  results  were  as  follows. 


♦  Very  sensitive  galvanometer;  the  intensities  of  which  were 
determined  as  far  as  40^. 
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2d  Table. 


Number 
of 

JSkicnt  of  tnrfece  of  the  electrodes. 

pairs. 

Ice. 

3  c.  c. 

4  c  c. 

5cc. 

5  c.  c. 

so 

40 

60 
100 

43   int. 

43 

43 

(43-)? 

(46*)?  int. 

t» 
pp 
p* 

(46')t  int 
*> 

P9 
Pt 

(46')?  int 

(45')?  int. 

•p 
»p 

Instead  of  charging  the  pile  wilii  dktilled  wat^^  I  employed 
a  mixture  of  800  parts,  by  measure^  of  distilled  water^  and 
tlxree  of  nitric  acid.  The  liquid -r^phorous  was  still  distilled 
water  as  in  the  first  table. 

Zd  Table. 


Number 

of 
.  pftirs. 


10 


■' . ' 


SSxtont  pf  smfnce  oftbe  electrodes. 


1  c,c 


64 


■*— *^    I  > 


3c.c. 


31  rat.'  83  Int. 


(44')? 


SO'O* 


47  iiit 

(63«>? 


4  CO. 


5  c.  e. 


69  int. 

(es**)? 


m  f  m     ■  »■!       m^ 


{68')? 


6  c<o 


t*    ■  I 


76  int.   (46»)?iiit. 


(73)? 


In  the  following  tables  I  employed  a  better  conducting 
liquid  reophorous ;  it  was  slightly  acidulated  water. 

In  this  case  I  had  recourse  to  the  less  sensitive  galvanometer. 

4th  Table. 


Number 
of 

Extent  of  surface  of  the  electrodes. 

« 

pairs. 

1  c.c. 

3  c.c. 

3  c,c. 

4  cc. 

6  o.c. 

6  C.C. 

30 
60 
60 
80 
100 

6"      int. 

13  18 

14  34 
16  37 
lOex. 

snoint 

16  37 

33 
36 

10* ISint 
19 

36 
38 

13*  18  int. 
33 

31 
33 

36          1 

33 
34 

18"  36  int. 
36 

34 
36 

We  may  easily  draw  the  following  conclusions : 

1.  The  Intensity  of  an  electric  cuivent  propagated  over  a 
liquid  generally  increases  in  proportion  to  the  extent  of 
surface  of  the  electrodes. 

2.  If  the  pile  have  a  feeble  power  of  production  and  pro- 
pagation, we  attain,  by  this  augmentation^  a  limit  beyond 
which,  the  surface  of  the  electrodes^  although  augmented, 
produces  no  increase  of  intensity  in  the  current. 
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3^  This  limit  is  sooner  attained  with  feeble  piles  when 
they  are  composed  of  a  great  utnnber  of  pairs^  and  the  liquid 
xeophorous  is  a  good  conductor.  Hence  we  gain  more  by 
increasing  the  surface  of  the  electrodes,  if  the  pile  be  feeble^ 
with  but  few  pairs,  and  a  bad  conducting  liquid  reophorous. 

4.  When  the  pile  has  a  great  productive  force,  this  limit 
is  fiirther  removed,  in  proportion  to  the  force  of  the  pile,  the 
number  of  pairs  which  compose  it,  and  the  conductibility  of 
the  liquid  reophorous. 

We  will  now  pass  on  to  the  experiments  T  tried,  to  establish 
the  laws  which  regii^ata  ^e  reciprocal  influence  of  three 
elements  of  the  re0pboroiKiir>^^ture  and  voluane  of  the  liquid, 
and  surface  of  the  el^tTpd^s^ ,  Jn  the  experiments  I  £ua  going 
to  relate,  there  will  be  found  fresh  confurmations  of  the  results 
already  deduced.  The  pile  I  employed  in  these  experiments 
was  that  already  described,  its  liquid  was  acidulated  water, 
and  its  electrodes  platina.  In  the  two  series  that  I  am  about  to 
mention,  the  electrodes  are  narrowei*  iii  one  than  i|i  the  other, 
that  is  to  say,  in  the  first  case  they  are  platina  wires,  one 
millimetre  wide,  and  exposing  about  a  centimetre ;  in  the  other 
platina  plates,  also  exposing  about  a  centimetre,  but  four 
millimetres  wide.  The  pile  had  ten  pairs,  and  the  liquid 
^reophorous  was  distilled  water.  This  liquid  was  contained  in 
a  rectangular  box  of  varnished  wood,  one  centimetre  wide, 
and  two  deep.  The  foUowing  are  the  results  obtaii>ed  by 
cQi^iparing  the  action  of  the  length  of  the  liquid  bed,  yfiui 
the  surface  of  the  electrodes  on  the  intensity  of  the  current. 

1st  Tabled 


Length  of  the  liquid  bed. 

Narrow  electrodes. 

.Wide  electrodes. 

2m 

1     Int. 

1   '■     Int. 

1 

1    „ 

1 

0  ,50 

2      „ 

2 

0,15 

6      „ 

10       „ 

0  ,05 

10    „ 

32       „ 

0,025 

21    „ 

(46*)?  „ 

0  ,012 

36    „ 

(72  )  ?  „ 

0  ,006 

75    „ 

(90  )  ?  ejcc. 

I  increased  Uie  pile  to  twenty  pairs  and  obtained : 

Leigtii  of  the  liquid  bad. 

Narrow  electrodes. 

Wjde  electrodes. 

2m 

1     Int. 

1         Int. 

1 

2      „ 

2 

0,50 

3      „ 

3 

0,10 

23    „ 

28        „ 

0  ,05 

52    „         . 

(54°)?    „ 

0  ,0^5     , 

.  .(54-)?«..,  ,, 

(74).?.^... 

*  Sensitive  galranometer. 
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With  the  first  pile  of  ten  pairs  and  a  better  conducting 
liquid  in  the  trough^  the  solution  of  a  centieme  of  nitre  in 
the  distilled  water^  I  obtained  the  following  results; 

Length  of  th«  bed.  Narrow  electrodes 

2°»  18  Int. 

I  45 

0  ,50  (56°)? 

0,20  (90)? 

With  three  pairs,  in  the  last  liquid,  I  obtained : 

Length  of  the  bed.  Narrow  electrodes. 

2^  10  Int. 

1  16 

0  ,20  32 

0  ,50  55 

I  shall  mention  some  more  experiments  which  establish 
this  reciprocal  influence  of  the  extent  of  the  electrodes  and 
the  length  of  the  liquid  bed.  1  have  in  these  experiments 
varied  also  the  number  of  pairs.  The  pile  was  that  aheady 
described  for  a  constant  force ;  the  liquid  reophorous  distilled 
water ;  the  length  of  the  bed  or  distance  between  the  two 
electrodes  was  four  centimetres. 

1st.  Table. 


Extent  of  tfur- 
face  of  the 
electrodes. 

Number  of  pairs. 

2 

4 

8 

^  cen.  square. 

2 
8 
5 

9  int. 

3 

5 

6 

8" 

4  int. 

5  exc 
9 

10 
16  50 

7  int. 

21 
33 

I  increased  the  distance  between  the  electrodes  to  siscteen 
centimetres  and  altered  nothing  in  the  rest  of  the  experi- 
ments. 

2d.  Table. 


*^f*^ 


Extent  of  sar- 
face  of  the 
electrodes. 


^  cen.  square, 

2 
3 
5 


Number  of  pairs. 


2  fmU 
3 

4" 

a  . 

6  scarcely. 


&  int. 

6 

8 
10 
10  exc. 


9  int. 
15 
16 

ir 

19 
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I  also  made  other  experiments  with  a  greater  number  of 
pairs,  comparing  the  extent  of  the  electrodes  with  a  liquid 
Bed  whose  length  in  one  case  was  double  that  in  the  other. 
The  liquid  reophorus  w^as  distilled  water 

3d.  Table. 


Ezfent 

of 

electrodea. 


Pile  of  10  paira. 


Simple  bed. 


4  *• 


1  cen.  square. 

3 

3 

4 


18  int 
33 
30 
34  ex. 


Doable  bed. 


13  int  ex. 

16 

18 

31 


Pile  of  30  pain. 


Simple  bed. 


49  int. 
73 

(43'*)? 
(46  5? 


Double  bed. 


3«  int 
45 
49 
65 


Finally  I  compared  the  length  of  the  liquid  bed  with  the 
extent  of  the  electrodes,  using  two  different  piles,  in  one  of 
which  the  surface  of  the  voltaic  pairs  was  double  that  of  the 
other.  The  liquid  reophorus  was  distilled  water  and  that  of 
the  pile  pump  water.  The  surfaces  of  the  voltaic  pairs  are 
those  which  we  have  already  described :  they  are  l!;^8  centi- 
metres square. 

4M.  Table. 

Simple  surface  of  the  pairs  of  the  pile. 


1 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 


Marrow  electrodes. 

Wide  electrodes. 

3  int. 

3  int.  ex. 

3  ex. 

4 

3 

5 

6 

10 

11 

8 

16 

27 

20 

42 

Length  of  the  liqoid  bed. 

1"°,40 

,0 

,8 

,4 

,2 

,1 
,05 

Doable  sor^Btce  of  the  pairs  of  the  pile. 

,10  6  int  7  int. 

,0  8  10 

,8  10  12 

,4  14  24 

,2  22  40 

,1  31  (44')? 

,05  45 


99 


I  consider  it  useless  to  add  any  more  experiments  i  from 
these  we  may  draw  the  following  conclusions  — 

1.  With  a  certain  given  pile,  we  find  constantly  that  the 
influence  exercised  on  the  intensity  of  the  current^  by  one  or 
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two  of  the  reophorous  elements,  is  such  that  the  augmenta- 
tion of  the  intensity  afterwards  produced  by  the  other^  or  two 
other  elements^  increases  in  proportion  to  the  first  increase. 

2.  These  variations  increase  with  the  force^  extent^  and 
number  of  pairs  of  the  pile. 

Hence  if  we  make  the  currents  more  intense  by  a  greater 
extent  of  the  eleetrodea,  we  perceive  the  effect  of  the  diminu- 
tion of  the  liquid  bed  increase  proportionally.  If  the  liquid 
be  a  better  conductor^  the  influence  of  the  extent  of  the 
electrodes  and  of  the  diminution  of  the  thickness  of  the  liquid 
bed  is  always  greater.  In  the  chapter  of  metallic  diaphragms^ 
we  shall  have  occasion  to  return  to  the  influence  of  the  nature 
of  the  metals  employed  as  electrodes  on  the  intensity  of  the 
current  they  transmit.  ^ 

CHAPTER  IV.  ( 

<  « 

1  _  ,j  »  ' 

On  theinfluenc^  of  hmt  over  the  conducting  power  of 
liquids. 

Among  the  phenomena  studied  by  M.  Marianini^^  there  is 
that  of  the  action  of  heat  on  the  liquids  in  which  the  voltaic 
pairs  are  immersed.  He  intended  thus  to  study  the  influence 
of  heat  on  the  conducting  power  of  liquids.  We  have  else- 
where proved  the  defects  of  his  procedure.  The  coii^clilLsions 
that  he  had  come  to^  were:  that  the  conducting  poWer  in- 
creases  in  proportion  as  the  temperature  increases,  ancjL  that 
this  augmentation  is  greater  for  bad  than  good  conducting 
liquids.  Since  the  work  of  M.  Marianini^  nothing  has  been 
added,  except  whati  have  published  myself  in  the  Bibliotheque 
Universelle  de  Geneve.  In  the  new  researches,  that  I  am 
about  to  relate,  it  will  be  seen  I  have  been  able  to  confirm 
and  extend  t^em.  The  pile  I  employed  was  for  constant 
force,  I  used  a  rectangular  porcelain  box  for  heating  the 
liquid  in.  I  flo  not  think  it  necessary  to  mention  the  te^lts 
obtained  in  fetiidying  the  eflFect  of  the  variable  force  of  tJie 
pile  oh  th^  d6riductibility  of  the  liquid  at  different  temperatures. 

The  degree  of  the  heat  of  the  liquid  may  be  compared,  in 
that  respect,  to  the  other  conditions  of  the  reophorous,  nature 
of  the  liquid,  extent  of  the  electrodes,  and  volume  of 
the  liquid,  which  we  have  already  studied.  I  confine  my- 
self to 'describing  some  experiments  nrade  to  discover  the 
action  of  heat  on  the  conducting  power  of  diffwent  fiqnids : 
my  first  experiments  Were  with  disiilled  watc*,  and  are  as 
{qUows:      -•      -   •     r'    *■-*  ■'^-  r--='-^^'-^^-^  -'^^ 
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Degrees  of  Raomer**  .... 

Thermometer.  Conductiog  power. 


0"  6"         ..int. 

+  5  8 

+10  10 

+  15  12V       13 


» 


+20  15  16,5 

+25  IT  19,5 

+30  18  il 

+35 "21  25 

+42  US  31,5 

+55         ■      •  I  30  40 

+65      '■■  ■•',  '  '■'"■       Si         47  -    ." 

+80    ■'  ••■  '  I'  ''■•■    -36         55 

Instead  of  distilled  water^  I  took  a  solution  in  the  same 
liquid  of  a  hundredth  part  of  sal  ammoniac  and  a  solution  of 
1-^7  of  iodine  of  potassium. '  lu  tkls  case  I  made  use  of  the 
less  sensitive  galvanometer. 

-     ,  CondvLctkigpa^^  of  a  sohitiois^'  > '  ^ 

Degrees  CH  the  ,       ^      v 

Themidmeter.  t  77  of  sal  ammoniae .  t  7  tr  of  iodare  of  pk>tas8ium. 

0*  38* 

+  5  „  17- 

+  6  42  „ 

+15  47  20 

+22  50  „  . 

+30  „  27  * 

.  +S8  55  „       '     ' 

+40  „  31  (ix. 

+50  56  32 

+60  62  42 

+70  „  45  ex. 

+75  63  47 

+80  68  50 

,j.I.,alsiq  dispovered  that  a  solution  saturatefl  f^itl^  sal  am- 
]:iLpni,a<^.^t  0°  has  the  same  conducting  p<^^fir^;^G(tA  +  20° 
to  +.  80%  .  ,The  conclusions  that  may  be  drftiw  from  Jthese 
experiiueAtsiy  wd  others  which  I  think  it  us^le^  to^  ,d^qril>e^ 
are  the  following;—    ^  .    .  ^        ,.;...», 

1.  The  conductibility  increases  in  general  by  th^  at|g- 
xnentation  of  the  temperature; 

2,  The  effect  of  heat  on  the  conducting  power  of  J^^ids 
attains  a  certain  limit  I  :• 

. .  3.  This  liipit  takes,{)l{^ce  at  as  mw^  more  eleyated  a  tePAr 
perature  as  the  conductibility  of  the  liquid  is  less. 
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4.  Hence,  the  increase  of  conductibility  is,  generally,  as 
much  more  rapid  for  the  first  augmentations  of  the  heat  as 
this  conductibility  is  better. 

In  studying  the  conductibility  of  a  liquid  which  has  been 
warmed,  during  its  cooling  I  had  an  opportunity  of  observing 
an  extremely  curious  phenomenon:  it  was  that  of  the  per- 
sistence of  a  conductibility  superior  to  that  of  the  degree  of 
temperature  at  which  the  liquid  was  and  which  it  had  not 
acquired  in  coming  to  it.  It  was  particularly  with  a  solution  of 
nitro-sulphuric  acid  that  I  verified  this  fact. 


€ouductibUit}r 

Condactibility  of 

;ree8  of  tbe 

of  the  solution 

the  same  solution 

ermometer. 

that  is  heated. 

when  cooled. 

0" 

22* 

24° 

+15 

81 

35 

+22 

36 

38  ex. 

+38 

40 

44 

+50 

44 

45 

After  leaving  this  solution  at  0^  for  a  certain  time,  its  con- 
ductibility returned  to  22"^,  and  by  then  heating  it,  the  con- 
ductibilities  were  reproduced  as  in  the  first  series.  Cooling 
it  again,  the  persistence  appeared  afresh  and  was  even  in- 
creased. In  the  second  case  the  solution  must  be  maintained 
for  a  longer  time  at  0°  in  order  to  retake  the  conductibility  of 
22\ 

This  phenomenon  deserves  a  much  deeper  study;  for  it  estab- 
lishes connexions  between  the  action  of  heat,  the  molicular 
arrangement,  and  the  conducting  power  for  the  electric  fluid. 

We  cannot  help  seeing  the  analogy  that  it  has  with  the 
property  possessed  by  several  solutions,  of  keeping  a  greater 
quantity  of  salt  dissolved  than  they  would  when  heated;  it 
is  even  the  case  with  water,  phosphorus,  &c.  &c.  which  un- 
der certain  circumstances  do  not  become  solid,  though  at  a 
temperature  below  that  of  their  solidification. 

CHAPTER  V. 

On  the  modifications  experienced  by  the  electric  current 
in  its  passage  over  liquid  conductors,  interrupted  by  metal- 
lie  diaphragms  or  by  beds  of  a  different  liquid. 

We  are  indebted  tp  M.  de  la  Rive  for  the  first  researches 
on  this  point;  the  following  are  the  results  he  obtained: — 

1.  xhe  loss  produced  by  metallic  diaphragms  is  almost 
nothing,  when  the  current  is  very  energetic  and  proceeding 
from  a  very  great  number  of  pairs; 
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2.  The  intensity  of  the  current  diminishes^  by  traversing 
the  same  number  of  diaphragms^  in  a  proportion  as  much 
greater  as  its  original  intensity  is  less ; 

3.  Of  two  currents  haying  the  same  intensity,  one  origin- 
ally and  the  other  after  having  traversed  one  or  more  metallic 
plates,  the  first  diminishes  much  more,  by  the  interposition 
of  a  plate,  than  the  second  which  has  already  passed  over 
similar  plates. 

I  have  attempted  to  complete  the  study  of  this  pheno- 
menon, by  determining  the  influence  of  the  different  elements 
constituting  the  force  of  the  pile  and  conductibility  of  the 
red^horous,  over  this  loss  produced  by  the  diaphragms.  In 
the  first  researches  I  am  about  to  describe,  I  always  used  the 
pile  already  so  often  mentioned,  and  platina  diaphragms. 
All  these  diaphragms  were  made  of  the  same  plate  and.  fixed 
by  a  varnish  to  the  partitions  of  my  troughs.  I  made  the 
current  of  the  pile  traverse  the  liquids  which  wer^  already 
interrupted  by  the  diaphragms.  I  took  away  the  diaphragms 
one  by  one,  coming  at  last  to  the  liquid  alone.  I  always  took 
care  to  be  certain  that  the  force  of  the  pile  remained  almost 
constant,  for  the  short  time  employed  in  these  experiments. 
In  the  first  table,  the  pile  was  charged  with  distilled  water, 
the  trough  was  two  decimetres  long,  one  centimetre  wide,  and 
twenty-five  millimetres  deep.  Three  platina  diapluragms 
divided  the  trough  full  of  distilled  water. 

\st.  Table. 


IS^umber 

Plates. 

of 

■ 

p&in. 

0 

1 

2 

3 

Int. 

Int. 

Int. 

Int. 

80 

(4P)? 

(4Pj? 

56 

46 

40 

31.50 

31 

25 

22 

20 

14 

12.50 

11 

9 

10 

7 

6 

5 

4 

Placing  a  better  conducting  liquid,  pump  water,  in  the 
trough,  and  keeping  all  the  other  arrangements  the  same,  I 
obtained  the  following  results : —  .  / 

2d.  Table. 


Number 
of 

Plates. 

pairs. 

0 

1 

20 

10 

5 

int. 
(50**)? 
47 
14 

Int. 
•     ''"   75 

5    . 
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Making  iii  another  trough,  the  height  of  the  liquid  0.04, 
I  obtained  the  following  insults: — 

3rf.  Table. 


Nmnber 
of 

Plates. 

pairs. 

i         0 

1 

20 

10 
5 

Int. 

(54')? 
(42)? 
21 

Int. 
(44')? 
33 
Texc. 

By  halving  the  length  of  the  trough  filled  with  distilled 
water,  as  in  the  first  table,  we  have : — 

4ttk  Table. 


Naoiber 

Plates. 

of 

pairs. 

1 

0 

1 

Int. 

Int. 

80 
60 
40 
20 

(60')? 

(48  )? 

(44)? 

45    . 

(44-)? 
(42  )J 

52 

25 

10 

1          19^0 

10 

I  have  also  tried  to  vary  the  intensity  of  the  current^  by 
eitiiploying  smaller  or  larger  electrodes. 

I  shall  give  two  tables  in  which  the  experiment  was  arranged 
as  in  the  first:  the  only  difference  being  in  the  surface  of  the 
electrodes,  which  were  four  millimetres  wide  and  two  centi- 
metres deep.     The  following  are  the  results: 

5th.  Table. 


Number 

Plates. 

of 

pairs. 

0 

1 

Int. 

Int 

-     10 

10 

9 

20 

29 

25 

30 

45 

44 

40 

(42')? 

(41')?  exc 

With  electrodes  que  centimetre  wide  and  two  centimetres 
high,  I  obtained : 
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Number 

Plates. 

» 

of 

pain. 

0 

1 

Int. 

lat. 

10 

16.60 

14 

20 

40 

34,50 

30 

75 

68 

40 

(43')? 

(410)? 

It  would  be  useless  to  give  any  more  experiments :  those  I 
have  already  described  are  sufficient  for  us  to  deduce  the 
following  consequences : — 

1.  The  loss  experienced  by  a  current  traversing  a 
metallic  diaphragm  placed  in  a  trough  of  liquid^  is  as  much 
less^  as  the  intensity  of  this  current  is  increased  by  a  greater 
number  of  pairs. 

2.  The  loss  increases  in  general  with  the  number  of 
diaphragms^  but  it  does  not  increase  proportionally  to  this 
number^  and  the  relative  loss  is  as  much  less  as  the  pile  con- 
sists of  a  greater  number  of  pairs : 

3.  When  the  intensity  of  the  current  is  increased^  either 
by  a  greater  volume  of  Uquid  current,  a  shorter  liquid  bed, 
its  better  conductibility,  or  a  greater  extent  of  electrodes, 
the  loss  produced  by  tne  diaphragms  is  much  greater  than 
that  sufl'ered  by  a  current  whose  initial  intensity*  may  be 
equal,  but  not  owing  to  a  greater  number  of  pairs,  rather 
than  to  better  conditions  of  the  reophorous. 

I  shall  now  give  the  results  obtained  by  making  the  liquid 
of  the  pile  a  more  active  and  better  conductor;  it  consisted 
of  a  solution  of  nitro-sulphuric  acid  in  distilled  water.  The 
trough  was  filled  with  distilled  water. 

1th.  Table. 


Number 


I^ates. 


pairs. 

0 

1 

30 

21iiit 

15,50  int. 

30 

33 

33 

40 

47 

33 

50 

75 

45 

60 

(48')  ? 

64 

♦  By  the  initial  intensity  of  the  current,  I  mean  that  which  it 
would  nave  without  tn^versing  the  metaUic  diapbragma. 

r 
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The  following  were  the  results  of  another  experiment 

8th.  Table. 


Nnmber 

Plates. 

of 

pairs. 

0 

1 

2 

20 

15  int. 

11  int. 

9  int. 

30 

23 

18 

14 

40 

31 

27 

18 

50 

40 

34 

23 

60 

55 

45 

31 

Hence  we  may  conclude. 

1.  That  the  loss  produced  by  the  diaphragms^  does  not 
cease  increasing  when  the  intensity  of  the  initial  current 
increases,  and  we  find,  by  comparing  equal  currents  in  this 
last  table  and  in  the  firsts  which  differ  in  the  number  of  pairs 
and  nature  of  the  liquid  of  the  pile,  that  these  losses  are  much 
greater  for  a  current  proceeding  from  a  less  number  of  pairs. 

2.  This  loss,  with  piles  made  of  a  few  pairs,  is  far  from 
diminishing  in  proportion  to  each  diaphragm. 

This  result  is  much  more  evident  when  the  liquid  of  the 
pile  is  more  active,  and  the  number  of  pairs  less.  The  follow- 
ing is  an  example  with  the  same  pairs,  but  a  more  active 
liquid. 

9  th.  Table. 


Number 
of 

Plates. 

pairs. 

0 

1 

2 
4 
8 

7  int. 
63 

(86«)  ? 

4  int. 
33 

(72')  ? 

Causing  the  current,  of  a  single  pair  of  a  Wollastoa  pile^ 
whose  zinc  had  a  surface  of  720  *^-  "^y  and  charged  with  a  very  acid 
liquid,  to  pass  through  the  same  trough,  I  obtained  13°  with 
no  plate  and  4°  with  1  plate.  Hence,  it  is  very  evident  that  the 
resistance  produced  by  the  diaphragms  diminishes  in  propor- 
tion to  the  number  of  pairs,  by  which  the  current  is  caused. 
These  results  may  be  expressed  in  a  general  manner.  "  The 
number  of  pairs  forms  the  bounds  at  which  the  loss  produced 
by  the  diaphragms  ceases,  varies  proportionally  to  the  con- 
ductibility  of  the  liquid  placed  between  the  pairs  of  the  pile 
and  those  of  the  reophorus,  that  is  to  say,  with  the  volumes, 
conductibility  of  the  liquid,  and  extent  of  the  electrodes." 
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I  also  endeavoured  to  find  out  what  influence  was  produced 
by  the  different  nature  of  the  metal  of  the  diaphragms ;  for 
this  purpose  I  employed  my  pile,  but  charged  with  a  nitro- 
sulphuric  solution :  in  the  trough  I  had  pump  water.  The 
following  is  the  result. 


loth. 

Table. 

Number 
of 

Plates. 

pairs. 

0 

1 

20 

10 

6 

(100*)?  int. 
(  65')  ? 
45 

{91«»)?int. 
(56*)  ? 
29 

Platina. 

20 

10 

5 

id. 

(94')  ? 

(62")  ? 

32  ex. 

Silver. 

20 

10 

5 

id. 

(94°)  ? 
(60')  ? 
30      . 

*     Brass. 

20 

10 

5 

id. 

(98')  ? 
(63')  ? 
36 

'  Copper. 

20 

10 

5 

id. 

(84')  ? 
(60')  ? 
36 

Lead. 

20 

10 

5 

id. 

(98')  ? 
(63')? 
•    38 

Zinc. 

It  is  very  clearly  seen,  by  this  table,  that- the  the  nature  of 
the  metallic  diaphragms,  has  a  ^eat  influence  over  the  loss 
experienced  by  the  current  in  traversing  them. .  This  influence 
which  is  also  exercised,  and  in  the  same  manner  when  the 
metals  are  employed  as  electrodes,  issurfh  that  the  loss  produced 
in  the  current  is  as  much  less  as  the  metal  is  more  easily 
attacked  by  the  liquid  conductor :  it  is  even  greater  for  piles 
of  few  pairs;  it  is  also  greater  if  the  liquid  reophorous  be  a 
better  conductor.  M.  De  la  Rive  was  the  first  who  remarked 
this  property  of  the  different  metals. 

Having  shown  the  results  obtained  from  studying  the 
transmissibility  of  the  electric  current  through  a  liquid  trough, 
divided  into  several  compartments  by  metallic  diaphragms, 
I  shall  now  describe  the  modifications  experienced  by  this  Cur- 
rent, when  it  is  obliged  to  traverse  the  same  liquid  trough, 
divided  in  the  middle  by  a  liquid  bed,  having  a  greatet 
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CQBduetibilily  ihan  th^t  of  the  liquid  trough  in  inrhich  the 
el^ctyodea  cure  imiaersed.  It  will  be  useless  to  describe  the 
upparatus^  having  alwaya  my  varniahed  wooden  boxes.  These 
boxes  are  divided  at  ten  centimetres^  by  a  piece  of  animal 
membrane ;  the  length  of  the  trough  was  (me  meter;  the  ph 
was  that  for  constant  force  of  eight  pairs. 

1*^.  Table* 


LeDg^  of  the 
less  coodact 
ing  liquid 
bed. 


0m,2 
0    ,4 

0    ,8 


In    the    good 

conducting 

liqaid    bed, 

0m,21oDg, 


(66°)  ? 


In  the  fifth  and  sixth  cavities  I  place  the  good  conducting 
liquid ;  and  the  inferior  conducting  liquid  occupied  the  other 
parts  of  the  trough.  Hence,  the  bed  of  the  good  conductor  is  in 
the  middle  of  the  trough.  The  following  are  the  results  obtained 
by  making  the  current  traverse  the  trough  composed  of  the 
intermediate  bed,  and  of  a  different  number  of  lateral  ones. 
It  is  useless  to  say  that  the  electrodes  were  immersed  in  the 
lateral  cavities,  in  which  was  the  bad  conductor. 


2d.  Table. 

Good  conductor.         Degrees. 

ex. 


Bad  conductor. 

0=^,2            +  0»,3 

0  ,4            +  id. 

0  ,6            +  id. 

0  ,8            +  id. 

I  placed  in  the  intermediate  cavities  a  still  better  conduct- 
ing liquid;  the  current  in  this  was  82°  ex?,  and  I  obtained 
the  foUowing  results. 


a3° 

27 
21 
17 


Intensity. 

48 
34.5 
23 
20 


Bad  condnctor. 

Good  conductor. 

Degree.. 

Inteositr. 

0""^ 

-|- 

0"^ 

38" 

64 

0  ,4 

-U 

id. 

30 

40 

0  ,6 

4- 

id. 

24 

30 

0  ,8 

+ 

id. 

19  ex. 

23 

Two  important  r^ults  may  be  deduced  from  these  former 
tables. 

*  More  sensitive  galvanometer. 

+  The  word  intensity,  used  in  the  table,  signifies  the  force  cor- 
responding to  the  arc  expressed  in  degrees. 
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*  1 .  If  we  compare  the  losses  sustained  by  diflfercnt  currents, 
produced  by  the  same  pile  of  constant  force,  but  having  a 
diiFerent  intensity  from  the  variable  length  of  the  less  con- 
ducting liquid  bed  which  it  traverses,  we  find  that  these 
losses,  produced  by  the  intermediate  good  conducting  bed, 
are  as  much  less  as  the  primitive  currents  are  reduced  t6  a 
less  intensity,  by  a  greater  length  of  the  bad  conducting 
course. 

2.  These  losses  follow  the  same  law  when  the  intermediate 
liquid  bed  becomes  a  better  ccmductor.  We  find,  however, 
that  these  losses  diminish  in  this  case  still  more  rapidly. 
The  first  law  is  also  true  for  metallic  diaphragms ;  the  second 
establishes  the  influence  of  the  conductibility  of  the  diaphragm, 
and  partly  explains  the  difference  we  find  between  the  various 
metals  employed  as  diaphragms. 

I  shaU  now  give  the  results  obtained  from  studying  these 
modifications,  after  having  changed  the  intensky  of  the 
initial  current  by  a  greater  extent  of  electrodes^  and  a  better 
conductibility  of  the  liquid  of  the  extreme  beds. 

I  shall  cQiTxmence  with  two  tables,  which  diffei  in  regard  to 
the  former  pnea  we  have  given,  only  in  the  pife.  being  reduced 
to  four  pairs. 

Zd.  Table. 


Bad  conduct- 

r 

Length  of  the 

Degrees. 

Intensity, 

good  conduct- 

Degrees. 

ing  liquid. 

ing  liquid. 

0m,2 

21 

23 

Om,!2 

(42*  ex.)? 

0  A 

t          14 

13 

0   ,6 

10  ex. 

10 

0    ,8 

'         7 

7 

Bad 

Good 

eonducting  bed. 

conducting  bee 

1.        Degrees. 

Tntensitr. 

0"',2 

+ 

Or  ,2 

14 

'    15 

0  ,4 

+ 

id. 

10 

10 

0  ,6 

4- 

id. 

8 

8 

0  ,8 

+ 

id. 

-  « 

6 

Making  the  intermediate  liquid  a  better  conductor^  the 
result  modified  in  the  following  manner:  in  this  inter|nediate 
bed  the  current  was  at  52° 

Ath.  Table. 

conducting  liquid.        Degrees.        Intensity. 

0'»,2  16  18 

id.  12  12.50 

id.  9  9 

id.  7  7 

T2 


Inferior 

conducting  liquid. 

0'»,2 

+ 

0  ,4 

+ 

0  ,6 

4- 

0  ,8 

+ 

d&i 
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If  we  now  coinp^^  these  two  last  tables  with  the 'Punier 
ones  that  we  have  given^  ui  which  the  pile  had  eight*  paaoa^ 
we  shall  find  the  losses  to  be  proportionally  greater  ^a  the 
pairs  of  the  pile  iare'iess  humeroasi  in  that,  they  follow  the 
same  general  laws  we  have  already  dedubed.  We  now  see 
that  wnen  the  initial  intensity  of  the  curirent  is  increased  by 
the  bettter  conductibility  of  the  lateral  liquid,  or  by  a  epreater 
^xtent  of  the  eleictrodes,  tlie  losses  become  proportlbnally 
gi^eater.  In  Ihe  fcllowmg  taidei^  we'ishaU  <  olaoi  be  ^sA&SL  to 
compare  the  effect  of  the  number  of  pairs.  ...^  jq  >^ai 

Pile  of  fifty  pairs,  charged  j^ith  wa^^;r  slightly  salted. 


?■:>'  .'V 


'6  *.  J 


Inferior   ' 

condacting  Uqiii<L  Degrees. 

0»,2  (58)  ? 

0  A         .  (54)? 

-0  .6    ,  (50)  ? 

,    Inferior 
ponducting  liquid. 

0'»,2  + 

0  ,4  + 


Good 
•condnctiDg  liquid. '  Degree. 

0»,2  (e6)ft 


r 


Good 

conducting  liquid.  DegreM. 

0»,2  (55)?- 

id.  (50)  ? 


0 


v^j^r^T- 


T 
.X 


■j>»7': 


With  the  &ame  pile  and  an  inferior  conducting  liquid  in  the 
lateral  cavities  I  obtained  the  following  results. 

.  Inferior 
concfilcting  liquid. 

0  ,4 

0  ,8 

Inferior 
conducting  liquid. 

0  ,4 

0  ,6    ... 

^  '%C..(ji 


+ 
+ 
4- 
4- 


T>egree8. 

44 
38 
34 
32 

Good  conductor. 

0",2 
id. 
id. 
id. 


Iktemitjr. 

? 

64 
49 
45 

Degrees. 

44 
38 

33  ex. 
30  ex.. 


Intenttiff 

64 

47  ex. 
40  ex. 


Pile  for  constant  force  of  eight  pairs  and  platina  elfletrodes 


wiSe^^Tjiin  thfe  preceding. 

■4-  •« 

J  -  Inferior 

conducting  liquid.  Degrees, 

■  0^/2  40ex. 

0  ,4  28     - 

0   S  ^         19 


.h 


/.  —        rf 


r  .-^r    /■    -.- 


Itttensitj.' 

75  ex. 
36 
22 
.-^  J6,5a 


30*u*»3  Ic.;**  e^aJ  iii  ch  »*6fc8o^>-JO'iiC*o*a  l^LAi 


iN^W*..    yj^^j    4,\J 


th^Hic  curte^  4hrQi^gfKilli^l9d(Ui 


%  '• 
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::: little  intermediate  good  ooaducting  liquid>  the  current 


'^'       MSerior 
■«M<liKtil>g  liqnid. 


0    4 

0  ,6 
4  >8 


+ 
-+ 

4- 

-I- 


Dfgnees. 

33 
22 
16 
14 


Inteositjr. 

47 
27 
18 
15 


,        29  ex. 

I*  ^'  -, .18 

Good     1 
condoctiiig  liqiud» 

0",2 
id. 


Ivtensity. 

38 
21 


15  ex. 


Inteiuntj. 

30 
17 


Good  condoctQr. 

0°',2 
id. 
id. 
.      id. 

;  -  Bjte<  of  four  pais*  vith.  eleotrode^  four  times  the  ext«it  of 
the  preceding  ones.         .  t    .     . 

loftrior 
condactiag  Hqaid.' 

0  ,4  ^  . 

condnctiiig  liquid. 

0  ,4  + 

This  same  pile  of  four  pairs  was  employed  uhdei  the  same 
conditions  with  leaden  electrodes  the  same  extent  as  the  pre- 
ceding.    I  obtained  the  following  results. 

loferior  condactor.  Degrees,  InteDsitjr, 

0»,2  34  ex.  50 

0  ,4  .20  ex.  24 

0  ,6  16  ex.  18 

0  ,8  14  15    . 

Inferior 
condacting  liquid. 

0»,2  + 

0  ,4  + 

0  ,6  + 

With  the  same  pile  of  four  pairs,  narrow  electrodes,  and  a 
better  conducting  liquid  in  the  lateral  cavities,  I  obtaii^ed 

Inferior 
condacting  liquid.  Degrees. 

0°»,2  23 

0  ,4  15exc. 

Tlifekof  *  -       '! 

condacting  liquid.  Good  condactor.        Degrees.  Intensity. 

0»,2  +  0°»,2  18  21 

0  ,4  +  id.  13  14 

There  is  yet  one  other  circumstance  to  be  considered,  which 
influences  the  force  of  the  pile,  that  is,  the  extent  of  surface  of 
the  pai^s.  The  pile  that  1  employed  was  that  of  eight  pairs 
already  described;  its  liquid  was  pump  water.  The  liquids 
of  the  trougk  and  electrmes  wsre  a$  in  the  fixsl  table. 


Good  condactor. 

0»,2 
id. 
id. 


Degrees. 

.26 
18 
14 


Intensity. 

33 
22 
15 


) 


Intensity., 

29 
16,50 
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Pairs  of  single  surface.  Pairs  of  double  surface. 

Bad 
liquid  coodoctor.        Degrees.  Intensity.  Degrees.  Intensity. 

O"^  38  64  54  „ 

0  ,4  25  32  23  45 

0  ,6  19exc.  23  24  30 

0  ,8  I5ew5.  16^0  18  21  . 

1  ,0  13  14  15  16,50 

Degien.    latandty.        Degiee*.    InUaMty. 

0»,2+  (y^g»^  conductor.  32  exc.  45  36  56 

0  ,4        id.  21  25  25  exc.  32 

0  ,6        id;  17  20  19  exa.  22  exc. 

0  ,8        id.  15  J  6  exc,  16  18 

We  see  by  this  last,  that  the  influence  of  the  extent  pf  the 
pairs  does  bot  difhr  from  thai  of  the  nature  of  the  Uquid.  <tf 
the  pile.  Thus,  we  may  conclude  that  the  number  of  pairs 
being  given,  having  like  conditions  in  the  I'eophorous,  whether 
%0iiYAry  the  Uquid  of  the  pile  or  the  extent  of  the  voltaic  pairs^ 
if  Jby  th^se  two  ways  we  give  the  omrent  the  same  intensity. 
t}i0  lass  that  it  experiences  is  equal,  and  generally  prpportioiial 
to  tlusi  intensity. 

I  also  wished  to  try  if  the  length  of  the  intermediate 

foqd  conducting  bed  had  any  influence  over  these  losses, 
foui^d,  in  gonaral,  that  this  length  is  indifferent,  provided  it 
be  n9t|  ificreasied  so  as  to  m^ke  the  middle  bed  an  inferior 
eoToivL'^c^.to  the  lateral  ones. 

THo^^^'J^niaijis  yet  to  discover,  if  the  disposition  of  thi§ 
good  ^Oooducting  bed  in  the. middle  of  th^  trough,  have  any 
.influence  over  theibe  losses.  .It  is,  indeed,  very  evident  that, 
by  leading  the  same  electrodes  in  the  same  extreme  cavities^ 

1  co^ld  divid.e  the  good  conducting  bed  into  two  o^  three 
parts^  thus  ii^terpolating  with  the  beds  of  the  inferior  conc^uc- 

tor.         .  .  -  i.'  .      "         ,  ' 

I  triedf  sey^^l  experiments  of  this  kind,  and  I  have  never 
been  fiblei  tPtP!^<ceive  but  a  loss  of  a  few  degrees  greater  in  the 
case  of  t]bN9'iiftfi?rpolated  beds.  The  inferior  conductor  is 
H\}9Q,yf^&i%}fi(jffi^ivi  which  the  electrodes  are  immersed. 
Hei&eei,  liJf^f^  fconclude  frotn  these  researches : 
1*  .  That  i^^e  current  experiences  a  loss,  when  a  good  ccm- 
ducting  liquid  bed  is  placed  in  the  middle  of  a  liquid  trough, 
hav^Bg  a  ;4^oaductibilitj  less,  than  that  of  the  middle  bed. 

2«    These  losses  4i!f!^i^^^^l^opo^^^'^^%^^^^.^^^^^^ 
of  the  current  is  increased  by  a  greater  number  of  pairs. 

_J/  lW Jthe  cpnt^arj^  |^is  intensity  increase  by  the  less 
length*  ^^.tt^  Uaiu^  l!ffl«k>f  a'jg!?^t^.«^t^<^  '9^.  %  .^^^ 
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trddes,  Or  by  the  better  conductibility  of  the  liquid  of  the 
trough^  the  losses  are  prpportionally  greater ; 

3.  These  losses  are  independent  of  the  length  of  the 
intermediate  bed,  and  diminish  very  rapidly  for  a  second  good 
conducting  bed^  in  the  case  in  which  we  divide  in  two  the  bed 
of  the  middle  which  we  have  considered  in  these  expoimentSw 

I  shall  now  take  a  case  oroosed  to  that  we  have  just  con- 
sidered)  viz.,  a  liquid  trough  having  in  its  middle  an  inferior 
conducting  bed.  1  at  first  thought  the  intensity  of  the  current 
transmitted  by  such  a  trough,  would  have  be«i  that  due  to 
the  inferior  conducting  bed.  The  experiments  I  am  going  to 
mention  have  modifi^  in  part  this  principle;  the  first  ikot 
vras  observed  on  changing  the  extent  of  the  electrodes  and 
their  nature.  The  experiment  was  arranged  thus:  one  of 
my  boxes,  1  metre  long,  was  divided  into  three  cavities,  of 
which  the  extreme  ones  were  0"  ,4  long :  pieces  of  membranes 
were  always  placed  between  these  separations ;  first  I  filled  the 
three  cavities  with  distilled  water;  caused  the  cunent  of  my 
pile  for  constant  force  of  eight  pairs  to  pass  in  the  middle 
cavity,  at  one  time  placing  the  electrodes  within  the  mem* 
branes,  and  at  another  without.  I  always  made  this  double 
propf  to  determine  if  there  were  any  loss  occasioned  by  the 
membranes.  I  obtained  12°  in  both  cases:  I  emptied  the 
extreme  cavities  by  a  small  pipe,  and  filled  them  with  pump 
water ;  the  electrodes  were  in  the  lateral  cavities  at  (y°,l  from 
each  membrane ;  hence,  the  bed  traversed  was  0*^,4  long,  of 
wbich  0°",2  of  distilled  water  in  the  middle,  and  0^,1  of 
pump  water  on  each  side.  The  current  was  still  12^  chang- 
ing the  electrodes  and  putting  those  whose  surface  was  three 
times  that  of  the  preceding  ones,  the  current  rose  to  14*rrl5 
int.  I'he  same  electrodes  placed  in  the  middle  cavity  of 
distilled  water,  I  had  H'^zrlS.  I  also  renewed  the  electrodes^ 
putting  a  plate  of  brass  e^ual  to  the  former  ones  of  platina, 
the  current  was  17°=il9.5  m  the  cavity  of  distilled  water,  and 
the  same  in  that  composed  of"  distilled  and  pump  water. 
Thus  far  we  see  that,  when  a  current  is  transmitted  over  a 
liquid  trough  composed  half  of  an  inferior  conductor  placed  in 
the  middle,  and  half  of  a  good  conductor  placed  on  each  side 
of  the  former,  its  intensity  is  equal  to  what  would  have  been 
obtained  if  the  current  had  only  traversed  the  mean  cavity  of 
the  inferior  conductor.  The  difference  produced  in  this  case 
by  the  plates  of  brass  is  an  evident  proof  of  the  influence  of 
the  natural  conductibility  of  the  material  of  the  electrodes  on 
their  action  as  diaphragms. 

I  then  tried  to  vary  the  lengths  of  the  good  conducting 
lateral  beds,  ali^ays  within  such  limits  as  not  to  become,  by 
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their  great  jen^fas,  infeiior  coBdnctors  to  the  middle  cavity. 
The  general  result  at  vlgooh  I  arnved  after  a  great  number  of 
experiments,  may  be  expressed  iu  the  following  manner; 
"  whatever  may  be  the  conducting  power  of  the  good  conduot- 
ing  liquid,  iu  whjch  the  electrodes  are  immersed  and  which 
compose  the  laterfil  beds  of  the  trough,  having  for  its  middle 
the  inferior  conducting  liquid,  and  whatever  may  be  the  force 
and  number  of  pairs  of  the  pile,  the  current  w:hich  traverses 
tfa«se  compoOBa  ttougbs  has  an  iiltehsity,  which  although 
variable,  is  never  superior  to  that  of  this  same  current  when  It 
traverses  the  mean   inferior  ^condnctiog  bed  alone.     This 
inteasity  variee,  dhuinielung  fn>ai  the  maxtmum  we  have 
eetabhshed ;  and  tliese  losses  arise  by  inereasiog  the  length 
of  the  lateral  beds  of  the  good  conductor;  they  are  indepen- 
dent ^  the  force  of  the  pile,  varying  with  the  length  of  these 
lateral  beds,  and  that  in  proportion  to  the  variable  intensity 
acquire Jjy  changing  the  ekotrodeeandlChe 
d  conducting  liquid  of  the  middle."     Givies 
e  extreme  cavities  a  still  greater  conductia^ 
ig,  in  every  respect,  the  same  pile,  theaanie 
ime  liquids  in  the  middle  cavity,  the  current 
the  compound  trough,  suffers,  on  comparing 
the  extreme  cavities,  losses  as  much  less  ad 
the  conductibility  is  greater.     There  now  only  remains  for 
me  to  mention  some  of  the  experiments  tried,  and  from  which 
I  hftve  deduced  these  results.     Those  showing  the  mtiueiQb^e 
of  the^dxtent  oi  the  electrodes,  have  already  been  described. 
The  following  are  others,  for  the  variable  length  of  the  lateral 
beds.  "I  took  a  pile  of  forty  pairs,  which  (tine  arid  copper) 
were  those  we  have  describ«l  so  many  times.     The  liquid  of 
the  pile  was  water  slightly  acidulated  with  nitro-sulphuric 
acid.     The  liquids  of  the  trough  were  distilled  water  ui  the 
middle,  and  pump  water  in  the  extreme  cavities. 
\st.  Table. 

Good  condnctar.  Bad  caodactor.         Degrees.         lotoq^t]'. 

0~,2  '    +  0",2  10  '  id, 

0',4  '   +  id.  9  'id! 

0  ,8  +  id.  8  id. 

Mailing  the  liquid  of  the  mean  cavity  a  better  coliduct(»,  I 

obtained : 


2d.    Table. 

OoM]  conductor. 

0-.2 

...  £.Ct.A.  .-... 

0   ,8 

+ 

-■iuL  i<U 

id.  .;: 

DcRrcM. 
15 

laUD.il,. 
16,5 
12^5  - 
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In  another  experiment  I  employed  the  pile  for  constant 
force  and  obtained  the  following  result : 

3rf.  Table. 

Good  condwctor.  Bad  condactor.        DeKrees.        Intensity. 

0«,2  4-  0«»,2  26  33 

0  ,4  +  id.  19  22,5 

'        0  ,8  +  id.  12  12,5 

1  changed  the  liquid  in  the  mean  and  extreme  cavities  aqd 
obtained  the  following  results  : 

4M.  Table. 

'OomI  rondnctor.  Bad  cood«otor. 

0™,2  +•  -  0",2 

0  ,4  +  id. 

..      0  ,6  +  id. 

;        0  ,8  +  id. 

The-  current  maximum  is  always  equal  to  the  current  we 
have  it  the  single  cavity  of  the  middle.  I  shall  also  mention 
some  <yther  results  obtained  by  using  the  pile  of  eight  pairs 
already  described,  but  with  very  wide  surfaces  :  its  liquid  was 
pump  water.  In  the  four  following  tables,  the  diiference  is 
in  the  nature  of  the  liquids  of  the  middle  and  sides,  which  I 
have  changed  at  the  same  time  and  in  the  same  way. 


Degreei. 

IntensHr. 

32 

43 

26 

33 

23 

29 

21 

25 

♦  i       •!  • 

5th.  Table. 

1 

.^4  pod  conductor. 

Bad  condoctor. 

DrgKM.        Ittitntify. 

;;,.■  0"',2 

+ 

0",2 

ISexc.      14; 

:     .        0    ,4 

+ 

id. 

U              11        i 

;  .0 ,8 

+ 

id. 

10          '  10 

^ 

6fA.  Table. 

f 

"     .            S            1     . 

•      0„,2 

+ 

0°',2 

15             16,5 

0  ,8 

+ 

id. 

12             12,5 

1th.  Table. 

• 

0»,2 

+ 

0™,2 

17      ...     19.5 

Q  A 

+ 

id. 

16             18 

0  ,8 

+ 

id. 

15           1  16 

%th.  Table. 

ff 

.0'»,2 

+ 

0»,2 

■     .17..  ■•.:••  ■20- ■■ 

0  ,4 

+ 

id- 

16             1« 

0  ,8 

+ 

id. 

16              18 

Finally,!  connected 

in  two  tables 

the  experimoits  which 

show,  the  ^ffereace  occasiofiedl.  bv  the  cooductibiliiy  of  the 

liqoiqof  the  lat@»l  cavities^;  The] 

pile-^as  the  s«se  as  in 

the  pre<!fdiDg  experiments,    hi 

. 
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9th,   Table. 

Good  conductor.  Bad  conductor.        Degp'ees.        Intensity. 

O'-Zi  +  0»,2  14  15 

p  ,8  +  id.  9  9 

In  the  latter,  the  current  was  32°i=:45  in  0"  ,4  of  the  lateral 
good  conductor. 

lOth.    Table. 

■  Oood  condnctor.  Bad  conductor.        Degrees.        Intensity. 

0°»,2  +  0»,2  14  15 

0  ,8  +  id.  13  14 

In  this  the  current  is0",4  of  the  good  conductorir:44°. 
We  see  by  these  experiments  that  in  a  trough  composed  of 
different  liquids,  the  intensity  of  the  current  which  traverses 
it,  is  in  general  determined  by  that  which  might  traverse  the 
inferior  conducting  portion.  This  intensity  is  enfeebled  by 
the  length  of  the  good  conducting  bed  that  it  has  to  traverse 
before  entering  the  intermediate  cavity  of  the  bad  conductor. 
Hence,  it  is  a  loss  produced  by  the  change  of  the  conductor, 
Wixd  which  appeared  when  the  current  was  previously  enfeebled. 

All  the  results  contained  in  this  first  part  of  my  work  and 
at  which  I  had  arrived  some  time  ago,  agree  with  those  M. 
De  la  Rive  has  deduced  in  a  general  manner  starting  from  a 
principle  which  belongs  to  them,  viz:  that  of  the  recompositicn 
of  two  fluids  by  the  same  pile.  M.  Peltier  has  supported  by 
soine.viery  ingenious  experiments,  the  ideas  of  the  philosopher 
of  Geap^va,  To  increase  the  number  of  pairs  of  a  pile,  when 
it?  fcurrent  is  obliged  to  traverse  a  bad  conductor,  is  for  these 
skilful  philosophers  to  render  more  difficult  the  passage  of  a 
portion  of  the  current  in  the  same  pile. 

It  is  thus  we  must  arrive  at  a  limit  in  this  number  of  pairs, 
beyond  which  the  portion  of  the  current  which  circulates  in 
the  liquid  reophorous  ceases  to  increase,  and  that  as  mach 
sooner  as  the  liquid  of  the  pile  is  a  worse  conductor,  and  on 
the  ot^er  hand  the  conditions  of  conductibility  of  the  reo* 
phoroiis  are  better. 

CHAPTER  VI. 

Oh  Xhe  diffetence  of  transmissibilitp  according  to  the 
direction  of  the  current. 

In  a  Memoir  published,  two  years  ago,  in  Italian,  I  had 

'be^n  the  study   of  certain  facts,  which  demonstrate  the 

difference  in  the  transmissibility  of  the  electric  current  by  a 

certainreophorous  according  as  the  dam«  modifications  be  found 

attached  to  the  positive  or  negative  pole.     The  learned  have 
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been  for  some  time  in  possession  of  three  facts  of  this  kind : 
they  are  due  to  M.  M.  Porret,  Becquerel,  and  MarianinL  I 
have  discovered  others,  which  appear  to  me  as  interesting  in 
themselves  and  which  become  more  so^  since  they  put  us  ib 
the  way  of  connecting  them  together  and  uniting  them  under 
thfe  same  principle. 

I  shall  treat  of  them  in  several  sections. 

1st.  Section.     Unequal  extent  of  the  two  electrodes^ 

'  This  fact,  the  first  discovery  of  which  is  due  to  M.  Maria- 
nini,  deserves  a  very  deep  study.     No  instrument  is  more  6t 
for  the  researches  I  am  about  to  describe  in  this  chapter,  than 
thie  double  galvanometer.  ItSs  action  is  to  compare  the  relative 
<K)ndrictibility  of  th6  two  reophorons  systems,  and  afterwards 
tb  show  in  which  <rf  the  two,  the  Current  is  best  transmitted. 
Wt^  tnust  prepare  these  experiments  with  all  possible  care, 
thifc  is  to  say  we  must  etideavour  to  have  all  the  parts  of  the 
twb  systetns  perfectly  identical :  the  only  diference  should  be 
that,  we  are  about  to  consider.     We  should  never  commence 
all  experiment  without  being  certain,  that  with  the  exception 
of  this  difference  alone;  the  currehts  are  e^ual  in  the  two 
reophorouses.   The  whole  apparatus  consists  m  two  varnished 
wooden  l)oxes,  equal,  and  each  bisected  by  two  membranes. 
On  each  of  these  boxes  are  fixed  two  supports,  which  sustain 
copper  rods  terminating  in  small  claws,  in  which  the  electrodes 
are  retained.     The  pile  I  employed  was  made  of  a  few  pairs 
«»d  charged  with  slightly  d.ciaulated  water.     It  is  easily  con- 
ceived why  I  have  chosen  this  pile;  as  it  is  one  of  the  most 
glfneral  consequences  we  have  deduced  in  this  work.     The 
modifications  caused  in  the  different  parts  of  the  reophorous 
exercise  an  influence  over  the  intensity  of  the  current  as  much 
greater  as  the  pile  is  charged  with  a  less  active  liquid  and 
eomposed  of  fewer  pairs. 

The  influence  of  the  inequality  of  the  two  positive  and 
iMsgative  electrbdes  may  very  easily  bfe  studied.*  We  have 
only  tof  prepare  four  platina  electroaes,  in  pairs,  two  of  whicli 
are  more  extensive  than  the  other  two;  the  curretit  is  then 
transmitted  in  the  same  box  by  a  wide  and  a  narrow  electrode. 
It  is  only  necessary  that  in  one  box  the  positive  electrode  be 
^dfe,  the  liegative  narrow,  and  vice  versd  in  the  other  box. 
I  employed  electrodes  of  different  metals,  and  varied  the 
;relative  inequality  of  the  surface  of  two  electrodes,  the  con- 
ductibility  ot  the  liquid,  the  lengtli  of  the  liquid  bed,  and 
lastly  the  force  of  the  pile.  The  result  I  am  about  to  describe 

*  llie  lai^uage  I^  adopt  on  the  ipsogress  or  direction  of  ihe 
current  is  that  freely  adppl%»d  by  philosp] 
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was  general  and  constant.  "TTie' electric  current  is 'W^f^ 
transmitted  when  it  enters  a  liquid  by  the  narrow  and  g«ek 
out  by  the  wide  electrode,  than  when  the  contrary  takes 
place."  Under  all  the  cireumstances  I  have  stated^  and  whi^h 
vary  the  intensity  of  the  current^  these  results  are  always 
true^  but  with  such  modifications  as  I  shall  mention.  Employ* 
ing  the  different  metals^  platina,  silver,  copper,  pewter,  il*onj 
and  zinc  as  electrodes,  the  law  is  still  verified,  but  with  bet- 
tain  differences  which  depend  on  the  nature  of  the  th6t^j»: 
Ii^  fact  we  have  seen  that  these  different  inetals,  employ^  afci 
dectrodes  or  diaphragms,  cause  the^  currents  to  suffer  a  loss, 
ds  much  less,  as  they  are  by  thfeir  tiature,  more  attached  by 
fhe  liquid  conductors.  This  very  eadQy  explains  why  the 
difference  we  are  considering  is  Stronger  with  these  metals 
(used  as  diaphragms)  which  cause  the  current  to  sufifera 
greater  loss  :  such  is  the  case  with  platina.  This  is  mdeed 
what  happeiis  by  employing  platina  electrodes  in  our  ekp^- 
riment. 

I  shall  not  neglect  to  mention  a  very  peculiar  diffeiretice 
that  I  have  been  able  to  remark  with  platina  only.  This 
metal,  in  certain  solutions,  which  are  generally  those  of  nitric, 
sulphuric,  and  muriatic  acid,  present  anomalies  to  the  law  we 
have  established:  and  it  is  not  the  greatest  conductibility 
which  the  liquids  we  have  mentioned  possess,  that  determines 
these  differences;  I  have  several  times  proved  that  thfe  l,ftw 
subsists  In  solutions  of  muriate  of  ammonia  much  better  tf6ii- 
diictoif-aTfeeble  acid  solutions  in  which  the  anomalies  of  *|)R?- 
tina  appfear.  When  we  see,  for  the  first  time,  these  phl^^- 
mena  produced  with  platina,  we  are  surprised  at  the  appaft^l^ 
disorder  this  metal  shows.  In  the  experiments  we  describe 
Imd  the  solutions  mentioned,  I  hope  to  throw  a  little  light  on 
the  subject.  These  are  the  facts  in  their  order :  in  neutral 
saline  solutions,  even  concentrated,  the  phenomenon  happens 
for  platina  the  same  as  for  other  metals,  whatever  liquid  cdS- 
ductor  be  used.  .  When  the  force  of  the  pile  is  not  very  greitt, 
the  anomalies  of  platina  almost  entirely  disappear.  S^utibils 
of  mineral  acids  are  the  liquids  in  which  they  are  most  shown. 
In  the  solution  of  sulphuric  acid  the  phenomena  takes  place 
in  the  following  manner.  I  first  assured  myself  there  was  no 
electric  current  between  the  electrodes  alone ;  for  this  purpose 
I  had  two  metallic  wires  soldered  with  the  claws  which  held 
the  electrodes  and  which  could  lead  separately  to  the  wires  of 
the  galvanometer.  After  being  certain  of  the  inaction  of  the 
electrodes,  we  made  the  current  of  a  pile  of  ten,  twenty,  and 
thirtypairs  pas8,by  the  two  systems,  andfound  constantly  that 
the  current  is  bett»  transmilrted  by  that  which  has^the  narraw^ 


electric  currents  through  liquids^  373* 

^l^otrod/e  at  the  positive  and  the  wide  at  the  negative  pole^ 
This  greater  transmissibiUty  does  .not  last  long  and  after  a 
certain  number  of  seconds  the  needle  of  the  galvanometer  re- 
pfa^i^^e^  |rom  the  opposite  ^id^<  JBy  prolonging  the  passage  of 
tl)f  pnjrent,  this.lattex  devif^ion  becpme^  more  feeble  without 
eyi^r  disappearing  entirely.     If  the  electKodes,  in  other  expe< 
rj[fi;]^nts«  are  tried sep^ately  ii^.each  ^ystem^  we  find  after 
b^e.  seconds  of  the  passage  pf  the  cmrent,  secondary  electri* 
cit^^s  developed.    It  now  tr^paains,  in  carder  to  understand  th^ 
{patina  anomalies,  to  discover,  in  which  of  the  two  systemf 
tiie secondary  current  ^s^pfost  f^nergetically  developed.     \^^ 
^ow  by  the  beautiful,  f^^f ^iffvents  of  M^ri^ini,  that  the$^ 
jSfl^ondary  polarities,  aii^.p^ji^ppied^  with  .a  greater  force  on  tb^ 
j^fp^^ode  in  which  tbj^.pnp:Q9t.enter;i  on  coming  from  ih^ 
]^q)iif^j^  that  is  to  say,  on.  that  which  cgmmuntcaties  .with  the 
j^^giative,  pole  of  the  pil^.     I  also  ascertained  that  the  extent 
p^i^he  4ectrodes  b^  a  great  influence  on  thte  degree  of  the 
secondary  polarity  they  acquire.      With  my  pile  for  cqnstant 
i^QTm  of  eight  pairs^  I  made  the  current  traverse  two  elj^ctrpdes^ 
>|rh9se  surfaces  were  in  the  proportion  of  a  fourth. .  tn  oi|e  cafe 
the  current  entered  the  liquid  by  the  wide  electrodeji  in  the 
other  by  the  narrow.     The  current  of  the  pile  passed  in,  th^ 
same  time;   the  secondary  polarities,  were^  however,  very 
iiiffarent.;    When  the  wide  electrode  was  at  the  negative  pole 
^^^  secondary  current  was  40°z^7.5,vhileitw«t8.oiJj,,l5°=;;16 
."j^j^n  .^he  same  electrode  was  at  the  positive  po]e^.   .{tjippeajcs 
'^'P^  from  this,  that  the  phenomena  of  the  pbtjm^.majr  be 
"^y./^a^ily  conceived.    The  system  which  at  fir«t.  tfansmijt^ 
j^.qifrent  bestj  viz:  that  which  has  the  wide  electrode  i^ 
j^|)e7;iegative  pole,  is  in  a  little  time,,  reduced  at  least  in  appe^x^- 
9Wi^  tQ  a  less  transmissibiUty.   The  secondary  current,  which 
,  is  developed  by  the  passage  of  the  current  of  the  pile  and 
whiqh  circulates  in  a  contrary  direction  to  the  latter,  is  much 
.  ^trpn^pr  in  the  system  which  has  the  wide  electrode  at  the 
f^egat^ve  pole  than  in  the  other.     With  the  twp.wire^  con- 
';pi^cj[^to  the  electrodes,  and  which  could. Ieftd3e{)^u^tely  to 
^bii9  galvanometer,  we  determined  the  successive  dev,elcgpments 
^.pf  ,tA€^ .i^oondary  currents.     I  however  confers .thf^t,  in  certain 
fplntion^,  I  saw  even  at  the  first  moment  of  the  passage  of 
the  current,  the  transmissibiUty  was  greater  in  the  system 
which  had  the  wide  electrode  at  the  positive  pole.     In  these 
liquids  the  phenomena  are  subjeict  to  the  greatest  variations. 
.This  superior  transmissibility  passes  i^om  one  system  to  the 
other,  but  after  a  certain  time  we  see  it  return  to  the  general 
.jorinoiple.    I^dp  A9tthinkUt  rPPS^Ufi^  in  ^the  present  state  of 


31*  M.  C  Muttfiu^ci,  on  the  propagation  of 

letncirk  Ikat  these  liquids  are  eomposed  of  nitric  and  muriatic 
acid,  and  thereby  containing  elements  liable  to  attack  the 
platina  obemicaUy.  I  think  the  phenomena  of  liquid  and 
gaseous  films  studied  by  Messrs.  Faraday,  Doebereiner, 
Nobili,  Fusinieri,  &c.  &c.,  express  it  for  some  purpose. 

The  general  principle  that  we  have  just  established  is  fur- 
ther proved  in  another  position  ;  it  consists  of  interposing  in 
a  liquid  trough,  a  metallic  diaphragm,  whose  two  moistened  sur- 
faces have  an  unequal  extent.  We  have  also,  in  this  ease,  a  wide 
plate^  by  which  the  cjurrent  enters  the  liquid,  and  a  narrow 
«ie  by  whidi  it  goes  out,  as  well  as  the  contrary.  The 
experiment  is  very  easily  arranged :  we  have  only  to  take  two 
equal  platina  plates,  almost  entirely  covering  one  of  their  faces 
with  varnish  and  then  fixing  them  as  diaphragms,  at  the  half 
of  the  two  equal  troughs.  The  two  currents  pass  in  such  a 
manner  that  in  one  system  the  positive  pole  effects  the 
ttocovered  face,  in  the  other  it  is  the  contrary.  The  general 
cesult  to  be  deduced  from  what  we  have  described  is  the 
following :  ^^  the  current  is  better  transmitted  when  the  un- 
eovered  face  of  the  diaphragm  is  in  the  cavity  of  the  positive 
pole  than  in  the  oj^osite  ca3e.*'  It  must  be  well  remarked 
that  the  diff^rences  of  transmisi^bility  are,  under  similar 
circumstances,  much  less  in  this  second  manner  of  operating 
than  in  the  former,  in  which  the  difference  was  in  the  two 
electrodes.  I  was  convinced  of  this  by  employing  electrodes 
equal  in  extent,  at  the  siirface  of  the  interposed  diaphragm. 
I  did  this  in  two  ways,  viz.,  leaving  the  electrodes  aiid 
diaphisagm  to  act  in  the  same  direction,  or  disposing  them  in 
a  contrary  one.  The  first  case  is  done  by  holding  the  uncovt^red 
face  of  the  diaphragm  in  the  same  cavity  in  which  is  placed 
the  narrow  positive  electrode,  equal  in  extent  to  the  small 
&ce  of  the  diaphragm :  in  the  other  system  the  arrangement 
is  the  reverse.  In  the  second  way  the  uncovered  face  of  the 
diaphragm  was  in  the  cavity  with  the  positive  electrode^  and 
with  an  extent  equal  to  this  same  face.  With  the  first  arrange- 
ment the  difference  of  transmissibility,  such  as  is  established 
in  the  general  law,  is  found  in  reality  increased,  but  much  less 
than  redoubled.  In  the  second  arrangement  this  difference  is 
enfeebled,  but  does  not  disappear,  and  the  excess  is  produced 
by  the  difference  of  extent  of  the  electrodes. 

I  think  we  may  easily  give  a  reason  for  this  difference, 
founded  upon  principles  already  established  in  this  woi^.  A 
second  change  of  conductor  weakens  the  electric  eurrent  nmch 
less  th^n  a  single  and  first  cxte, 

I  must  now  speak  c^  the  modifications  to  which  the  estabKs^ed 
general  principle  is  subjected,  produced  by  the  variable  relation 
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i^hich  exists  between  the  extent  of  the  electrodes,  and  the 
different  circumstances  which  influence  the  force  of  the  cur- 
rent. Without  stopping  to  notice  all  the  experiments  I  have 
made  with  this  view,  I  shall  confine  myself  to  the  deduction 
of  the  general  consequences.  I  have,  already,  partly  done 
that  in  a  note  extracted  from  this  work,  which  M.  Arago  did 
me  the  honour  to  present  to  the  '^  Acad4mie  des  Sciences.^^ 
My  ulterior  researches  have  only  confirmed  and  extended 
them.  They  are  as  follows:  'Hhe  relation  between  the 
unequal  extent  of  the  two  electrodes,  which  make  way  for  the 
maximum  of  transmissiBility,.  increases  with  the  distance  to 
which  the  two  electrodes  are  immers^  in  the  liquid,  apd 
diminishes  proportionally  to  the  conduptibility  of  the  li^idi 
and  to  the  degree  of  force  and  number  of  pairs  of  the  pile.'* 
Let  a  be  called  the  s^rface  (+)  of  the  electrode  by  which  th^ 
current  enters  the  limiid,  n  a  that  ( — )  by  which  the  current 
leaves  the  liquid,  to  obtain  the  maximum  transmif^ibiHty,  w^ 
must  change  thecQ-eificient»,8o  that  itvaries  in  proportion  to 
the  length  of  the  liquid  bed,  and  in.  an  inverse  ratio  to  the 
conductibility  of  the  liquid  reophorous,  and  the  intensity  <tf  the 
current  of  the  pile. 

2d.  Section.  Unequal  conductibility  of  the  two  liquids, 
traversed  successively  by  the  current  in  a  iiifferent  direction. 

I  took  two  of  my  varnished  boxes,  exactly  alike,  bisected 
thesiCi  two  boxes  with  a  platina  plate.  All  the  remainder  of 
the  experiments  was  made  with  the  same  apparatus  we  des* 
cofibed  in  the  first  section.  The  four  platina  electiode&wearc 
equal.  Before  commencing  the  experiment  I  pcMured  the  same 
liquids,  distilled  or  pump  water,  in  the  two  boxes,  and  I  passed 
over  it  the  current  of  a  pile  of  twenty  pairs,  similar  to  that 
I  described  in  the  first  section. 

The  needle  of  the  galvaipteaneter  w<Hiild  remain  immoveable 
if  all  things  were  equal  in  the  two  systems.  I  never  com* 
meipLce  an  experiment  without  having  made  this  previous  ob*» 
servation ;  then  I  take  some  liquid  from  one  of  the  cavities 
which  ifi  in  each  box,  and  pcmr  in  these  two  cavities  the  same 
liquid^  w^'ter  a  little  salted  or  acidulated,  for  example.  In  the 
two  other  cavities  J  pour  a  less  conducting  liquid,  such  as 
distilled  or  pump  water.  After  this  arrangement,  one  of  the 
currents  proeeeaS'  from  the  bad  to  the  good  conductor  over 
the  platina  plate ;  and  the  current  in  the  other  box  goes  in 
the  opposite  direction,  viz.  from  the  good  to  the  bad. 

After  a  great  many  experimients,  which  I  think  it  useless 
to  mention,  I  obtained  the  following  general  result:  "the 
electric  current  is  always  better  transmitted  when  it  passes 
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ftom  the  bad  to  the  good  conductor  over  a  metallic  diaphilagm, 
than  when  it  traverses  the  same  system  in  an  opposite  .ctspso^ 
tion. 

I  repeatedly  made  the  two- sy^tems^  sometimes  onednd 
sometimes  the  other,  the  better  oonduotor^  by  changing  tb^ 
bad  to  a  good  conducting  liquid,  with  regard  to  the  otfa^i 
which  before,  was  the  good ^ofLdubtot;.  This  mannerof  exa 
perimenting  appears  to '  me  io»jcb  more  tcoqchisive,  sinbe';it 
admits  no  other  causes  than JthQs^,M^e»h4venientioned;  tad 
hence  it  excludes  from  it  ev/0ry,Qtiienfo]>eii^jeiiroumstanK5e;  '• 
,,  In  making  the  curreait  mor^iiuteaaeyiiy  increasing  ithe 
number  of  pairs  in  the,pile»  oxhT'it^i^6^  of  prodnctien  aswi 
propagation,  I  found  th^tth^d^l^^m^o  of  the  transmisaibtlity 
produced  by  the  direction  in  whi^b  tib«>:eiB3*i5eat  proceedd,  frcmi 
th0  good  to  the  bad^  (wr  fron^  thetbad  to  the  good  oonddetbr, 
is  lessened  m  proportion  to  the  intepsatiy  of  the  cun:!en4[;>'  •  W^ 
have,  already  admitted,  in  the  other  section,,  that  th^  infhieneei 
of  the.  chs^ge  produced  in  the  reophorou» system,  was  asl  vasHt 
gi?e%ter  as  the  current  w^  mof-^  feeWe.  n  -    j  /  •     •/* 

This  difference  of  transmissibilitj  increases  gen&thlAf  ii^ 
pi*oportion  to  the  differ^Rce  of  ^otiductibility  of  the  tw«c  li^ds 
^hich  are  separated  by  the  platina  plate.  I  also  obs6r»id 
that  with  certain  liquids  and  platina  diaphragms^  anomalies 
take  place  as  in  the  case  studied  in  the  preceding  section. 

If,  instead  of  a  platiua  diaphragm,  we  use  a  piec&  of  mem^. 
brane  to  bisect  the  two  boxes,  the  phenomena  we  jiavestoAiedb 
is  even  more  clearly  verified.     Certainly  the  loss  produced  hy 
ttie  pas^^^  6i  the  current  ovet  the  diaphragm,  is  this*  caiise  of 
the  difference  we  remark  in  using  a  piece  of  membrto^  6t  ^ 
n^etaJ^e  plate.     Regarding  the  effect  produced  by  tl^.piedes 
of  membrane  as  nothing,  and  in  this  case  considering  the. ^tpo. 
liquids  as  touching  one  another,  we  may  conclude  in  8^  g^p^i^ ; 
manner;  "that  the  electric  current  is  better  traqj^^tfOfdrbyii 
passing  from  a  bad  to  a  good  conducting  liquid,  jy^^n>4iir'tb^  > 
opposite  ca^^,'^'  .In  each  of  these  experiments  I  ^W^I^ioMW 
to  be  g^t^in  that  there  was  no  electric  current  pro^f^-^jft 
the  chemlq^LaiQtaon  of  the  two  liquids  which  met.     Tl^iftfi^^^ 
nomena  :^j»uld-  require  a  long  study  to  determine. aiU  if^^^^f^] 
I  purpose  .  returning  to  it.     What  I  have  deduced  genejtldly. 
may  be  expressed  in  the  following  manner :    ^^  The  diSer'^nc^ 
of  transmissibility  which  we  study  increases,  every  thing  else 
being  the  same,  with  the  difference  of  conductibility  of  the 
two  liquids  which  meet,  and  the  first  difference  changes  in  a 
more  rapid  proportion  than  the  second." 
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Sdi  Section,  Unequal  volume  of  the  liquid  at  the 
ptmtive  and  negative  pole. 

I  commence  by  filling  with  the  same  liquid^  my  two  boxes, 
s^arated  in  the  middle  by  a  piece  of  membrane.  T  then 
pass  over  it  thie  current,  from  the  pile  of  twenty  pairs,  that 
we  have  already  described,  so  as  to  convince  me  that  all  was 
equal  in  every  part.  Afterwards,  I  take  from  one  cavity  of 
eadi  of  the  boxes,  three  fourths  of  the  liquid,  notwithstand^ 
ing  that  the  electrodes  are  entirely  immersed  in  the  liquid. 
.  The  currents  pafes  in  a  edntrary  manner;  with  regard  to  the 
unequal  volume  of  the  baihe  haisi ;  thfct  H  to  ^ay,  in  one  box 
the  positive  pole  is  immersed  in  the  shallow  liquid:  and  in  the 
QtJiier  box  the  same'poleiii  imiiietsed  in  all  the  liquids.  V- 

•I  shall  also  add  a  vety  cdnv^hient  arrangement  for  making 
thiii  experiment:  it  is  by  causing  the  two  currents  to  be  com*- 
paredy'to  pass  through  the  same  liquid  coiitainedin  two  glass 
tubes  bent  in  the  form  of  U :  the  two  tubes  h&ve^  a  bulb  at 
one  extremity;  the  positive  wire  in  one  tube  is  immereed  ia 
the  bulb  in  the  other  in  the  tube. 

The  following  is  the  result  of  a  great  number  of  experi- 
ments tried  with  different  liquids:  ^*  The  electric  current  iiSr 
always  better  transmitted  when  it  passes  from  the  smallier 
liquid  mass  to  the  greater,  than  when  the  reverse  "is  th«  ease; 
ami'that  succeeds  much  better  when  the  force  of'the  pile  ahd 
oonductibility  of  the  liquid  reophorous  are  less.    "  " 

V  •  -  •  '  ■      .  I  I  ,     ■    -. 

^  4th.  Section,    [/nequal  losses,  according  as  a  diapbrj^gmt 
is  near  the  positive  or  negative  pole. 


\  •  >■ 


I  took  two  of  my  boxes  25  centimetres  square  and  1^  50 
long.  I  fixed  a  platina  diaphragm^  at  a  centimetre  from  the 
extremity  of  each  of  the  boxes.  The  electrodes  were  placed 
lieAr  the  extremities  of  each  box,  as  in  the  apparatus  we  have 
dniMbed  in  the  preceding  sections.  I  filled  tfie  two  boxes 
wi^h  Ib^  same  liquid ;  the  current  was  produced  by  a  pile  of 
thittiy  pairs.  •  Before  commencing  the  experiment,  I  caused  the 
currents  to  traverse  the  two  boxes,  keeping  the  electrodes  at 
the  same  distance  and  quite  free  in  the  cavities.  When  the 
needle  remains  immoveable  I  place  the  electrodes  behind  the 
platina  plates,  but  in  such  a  manner  that  in  one  box  it  is  the 
negative  which  is  behind  the  platina  diaphragm,  and  in  the 
other  the  positive.  The  following  is  the  general  result  which 
I  have  obtained  :  "  the  electric  current  is  always  better  trans- 
mitted when  the  metallic  diaphragm  is  near  the  positive  tlian 
when  near  the  negative  pole,"  This  difference  of  transmissi- 
bility  is  as  much  greater  as  the  conditions  of  the  reophOTous 
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fftTour  the  los$ produced  by  the  diaphragm.  A  certao^lliq^ 
is  necessary  in  the  liquid  bed  to  render  this  difference  of  tram- 
anissibility  perceptible.  :*   ( 

Hih,  Section. 

Speaking  of  the  influence  of  the  volume  of  the  liquid  on  tlie 
degree  of  transn;iissibility  for  the  electric  current,  I  remarlced 
that  the  position  of  the  elei^trod^s  at  different  heights  Iq  a 
liquid  mass^  was  not  indifferent  vith  regard  to  this  transn^'i^si- 
..bflity^    Without  having  made. a  profound  study  of  tnis  phe- 
nomenon I  am  convincea  that  the  jcurrent  is  better  transmitted 
bj  immersing  the  electrodes  in  the  lower  beds  of  the  liquid 
,^h{BkU  at  the  surface,  an4  that  as  far  ^^  f^,  qertai^  limit.    Hf  nee 
it  is  neither  in  the  bed  at  the  botipm>  no^  in  that  at  tjtie^js|^:j- 
Jnce^  that  the  conduqtibility  is  the  bes^ ;  on  the  coA^]|try>  it 
is M  tjie  middle  of  tixe  bed,  Mii^j-ir 

.  Poroceeding  with  this  faqt  I  Have  discovered  aAofW.,^^^^ 
j^n<jei  of  trawsmissibility,     I  placed  some  electrodes. in, 8^, q^fp- 
tity  of  pump  water,  contained  in  a  glass  bell  fifteen  cpntimetj:^8 
3X(i4^^,  The  positive  electrode  was  immersed  in  the  bed  aVihe 
jmri^^9  and  the  negative  oi^  at  the  middle  of  the  liquid.  This 
liquid  was  thirty  centimetres  deep.  Im  another  perfectly  equal 
•quantity  I  introduced  two  similar  electrodes,  but  so  imn^ersed 
Umt  tbf  positive  was  in  the  middle  of  the  liquid,  that  is  to  si^y, 
fifteion  c^timetres  from  the  surface,  as  was  the  negative  in, ^ne 
,  p^h^r  quantity,  and  the  corresponding  negative  in  the  |bed,?t|]^he 
^^^vprf^ipe.   ,  A  current  of  thirty  pairs  of  my  pile  was  ]^?jSj^ 
^th^TPHgh  the  two  systems  and  over  the  two  wires  of  th^  ^- 
j,9?Wqxi|Mster.      The  following  was  the  general  result;,  f'th^ 
j^j:an^issibility  is  greater  for  the  current  which  has  th^  ^si- 
,,tive  pole  at  the  surface,  and  the  negative  in  the  middle,  beds, 
than  for  the  current  which  has  an  opposite  arrangemenf.**! 

6^A.  Section.  -  n. 

M^  de  la  Rive  has  just  discovered  a  fact  which  com^elely 
llgre«is''#ftti /those  we  have  mentioned.  He  has  dis<^6v^]r^ 
^hsit  fli¥dfeA;rfe  current  is  better  transmitted  wheii  thto'iifeg- 
'^ti^cf  'i^I^C^clde,^  immersed  in  the  liquid,  is  heated  at  Ihei  4Sttt|ie 
time  that  the  positive,  also  immersed  in  the  same  liqilidy  K^y 
fee&  thfe  action  of  the  heat  in  the  contrary  case.  The  heated 
liqitM  bet^me  the  best  conductor.  Hence  the  negativcpole 
is  itaomers^  in  the  best  and  the  positive  in  the  bad  conxluctGr; 
this  is  the  case  in  the  second  section. 

I  think  it  important  to  add  that  the  facts  contained  in  the 

third,  fourth,  and  fifth  sections  of  this  last  chapter  may  very 

'  easily  be  obtained  in  ant>ther  manner.     Without  making  the 

^etr]ft*entof  the  pife  tfaverse^  we  employ  in  the  place  of  platina 


±mfibx&a»  wires,  copper  or  leaden  <)iles;  we  oatfrbrn'the-saiiiH 

pificer  of  wire,  cover  it  with  v»niah^  jso  as  to  leave  a  simu* 

lar  quantity  uncovered.     In  this  case  we  only  employ  two 

wires  and  the  simple  galvanometer.     Care  must  be  taken  to 

immense  the  two  wires  at  the  same  tiipe.     For  this  purpose 

they  are  tied  to  a  glass  rod,  and  this  rod  is  slipped  in  two 

vertical  grooves.     The  current  which  appears  in  this  case  is 

^jgetterally  that  of  which  the  propagation  in  the  liquid  i$  the 

best.  This  method  is  exempt  from  secondary  polarities  whic^ 

,  are  so  strongly  developed  on  the  platina  by  the  current  of  the 

pile,,  arid  which  renders;  this  sbit  of  eicperiment  so  long  attd 

"trbujaesome.  .-'..' 

The  facts  I  have  VefetfedlnTJhis  chapter  may  be  summed  tqp 
:lh"a'^itaglepropdsitf6ir,yi^;:  '  -     ^ 

^  ^    ^^  The  electric  turrent  ^lllch'  passes  oVex  a  reophorous  pitrtly 

mf^tallic  and  partly  liquid^  is  l^etter  tl^usmitted  when  it  meets 

kttSne' positive  pole  a  less  conductibility  than  that  which  Ss  at 
"tHfe^rie^tivfe  pole,  than  when  the^  disposition  of  thfe  cdtodtt6fi- 
'^t>ii?<y  At  the  two  poles  is  the  reverse."  '  *'  '    '  * 

.  f  shall  conclude  this  memoir  by  some  very  short  ionsideA- 

tio'ns  on  ■  the  manner  in  which  1  thiilk  we  must  regard  the 
.  electric  phenomena.     It  appears  to  me  that  the  attention  of 

electricians  ought  hereafter  to  be  fixed  principally  oii  the  feet 

?f  the  co-existence  of  the  displacement,  of  the  state  ofvibra^ 
ion  and  of  the  motion  of  the  ponderabiie  molecules  with^  all 
I"  ^ne  electrical  phenomena.  If  we  wish  for  electrical  pJiebbmetia 
^^#6  have  only  to  put  the  molecules  in  vibration,  lifiiilt^, 
'j^^itting,  chemical  action,  heat,  and  pressure.     This  motion, 
this  state  of  vibration,  must  necessarily  be  made  inatfiffertit 
inaTiher,  in  opposite  directions,  with  unequal  velocities,  acJCtei^- 
ing  to  the  density,  crystallographic  form,  relative  temperatvie 
and  direction  of  the  exterior  cause  of  motion  between  the  two 
bodies  we  have  in  view.     Hence  two  different  orders  of  elec* 
.  Xn^dl  phenomena,  which  we  call  positive  and  n^ative  elec- 
:  trie^iy.  The  facts  of  electricity  developed  on  t)ie  a^e^  bodies, 
^CQ^ii^  83  they  are  polished  or  unpolished)  hot.o^.pold^  in 
pQwder  or  in  mass,  rubbed  transversely  oriloagi^ti^d^niEtUyi 
-s^peG^r  to  me  very  conclusive.  ,  .    t 

I  also  mention  the  fact  discovered  by  Becqu^rel,  o;f  the 
development  of  the  thermo-electric  current,  on  the  same  wire 
by  the  unequal  mass  presented  to  each  side  of  the  sou^qe,  ^e 
influence  of  the  state  of  temper  of  a  wire  on  the  propagation 
of  the  current,  the  development  of  the  Current  by  a  single 
ibid  of  a  metallic  wire  just  discovered  by  Peltier,  tb^  relation 
between  the  electrical  conductibility^and  the  density  <{>£bqdips, 
the  influence  on  the  electric  sp£irk,  of  the  ponderable  J0(>arttiers 
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i^ktit  tiai¥i^ ^i^id^tx^tHsV^fMii]^  «lke  diffi^rences  of  |abpags- 
^lotl^  hccbrAitit^  hn  iti^  kioAddGiihilkty  ef  the  middle  is  modiikd 
-tfteJar  the  posftiir«  ort^ft^gativift!  pde;    I  ttlso  add,  tharfe  lujctia 
perfectly  cxmtki^h  *dtaltoi^y  ikiotiOttB  iti-the  molecules  ef  rasi^ 
tietized  bbdies;  dind-tft^tlh^'i^tmi^  4^&  an  Action  of  i;0mo^l 
when  they  conduct  a  wittetit  ;>  but^  with  electricity,  teif&rdiB 
Ve  utiderstand  it,  ■  I  tetnMt  explain  t  tli^^  k;iirren ts  rouik}  ^tni- 
^dilctitig  Tholeculee,' ^Hd'ftt'th^'  8fii^e''tizKtt  a^  ieunrebt^^ibli 
^trAvfer^e&theiaadrfbfthfe'tdrfsf.    ■''■^'  I  I  -^  <■•.  '         •  fjrr  i.sHt 
'^^^'I^e^'hi^^  d^edk  ^hiHS^hoote 'ftiKdr^i^Hr^ktislBS  6f  twolflluidiBnqr 
WfttW;'lrtit'When  we^<«fki'it'  ^tfearrfettflijifci.weli  to'be>ffi9en- 
^tfuliJB^i^a^bf'them."'  '•' "^''^-''^-f^-"'^  "''i'i5')')J  ':•      ■         •    'vr-.  ot 
limui  ,  i  >iW/    •'■■        ■  •  iil'.'l  o/M  .•r-ir')raf)frn--){ji  ij,--  .iji.M^  *)fll 

-livis  U)  >K.'!!iMir.'''".  ii  ,  ,.<v^  r->'r:t  •♦/!+  fff  ,;5/sv/  v,...!^    .   irAifiib  in 

M^ .  ».'i:»-().iiri'ifi  I  <(«  -  !'--•:>••(;•' t  •.•.>'i^  .  •  i«r"r .,,/.,    ^^j|  ^q  noil 
iJlEoGti^leao^tiAi  >the'(BitUetin>:  Bi^ti%'o^  ^he.^t^.tRlt^btffg 

orfWWIteiAaWftbn*  •  (See  jP?^.  i^anaL.  xUv,  p.  34^.)  .  t  ^o  sib^sa 

^    Peltier  was,  as  we  know,  the  first  to  remark  thkl^'ifefejRi^ls 

g^fiefeited  at  the  spot  where'  a  bar  of  bismuth  and  aiitihlony 

tire  soldered  together  by  the  transmission  of  a  galvainie'eurrSfit 

oil 

/'^^^jiTfoSt^ciion  of  cold  is  ?,  circumstance  so  much^fte^- 

^jm'c^'Vuh  fti^  other  effects  of  the  galvanic  battery  thiil}^^  I 

l^arh  ¥fom  "private  sources,  its  truth  is  questioned ^ii:'^a4y 

Quarters.     I  therefore  think  it  worthwhile  to  est^bllsk^&t 

once  the  indisputable  accuracy  of  the  fact.f  •      * '  \^^  ^* 

I  began  by  repeating  Peltier's  experiments,  that  fe  IjA'.iSifjr, 

I  took  a'bai^  of  bismuth  4i  inches  long,  English  meastuSfe)and 

0.4  inch  square,  and  also  a  similar  bar  of  antimony,  "jfldcfed 

them  across* ea6h  other  at  right  angles,  let  thehi  hiiff-Aeir 

thicknesjrf&^b'^fei^dh^  other  at  the  place  where  they  ci^*ife*;'i«ri 


*  See  Aunales  de  Chemie  et  de  Phys.  VoL  LVI.,  p'.  371.*  In 
Peltier's  paper  however,  owing*  to  a  misprint,  the  direction  bf  ^e 
cmreiit  is  stated  incorrectly;         ' 

H-  The  experiments  orP^l^iMt^  Moter  have  already  done  thn, 
but  by  ^er '  means,    ifi^e  ^Dovef  idiid  Meter,.  Repertory.  Vol.  I^y  |k 
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-as  <iBqitq>Iier  adapted  to  <fb&ibdjfeatk>n  ^f  ithcarmorelectiic  cin^ 
iTf«iulii>>  and  then  brought  it^  and  A^  into  connexion  with  « 
'^^llaston  battery  of  half  a  9qu»re  io^h  surface.     When  the 
-dinrotion  of  the  galvanic  cturnmjb  was  from  B'  to  A',  the  mvir 
^tifiier^  immediately  on  tkae  ^ifeuit  being  .closed,  indicated  a 
^cfedlnatioa  (^  80%  owing  to  the  thermo-electric  current  called 
intoJ^layat  thesoid«r«(i9pot«  Afterwards  it  becamie  stationary 
tktiSO\  thus  skiQwixs^y  byrlihe  diteclipn  of  the  declinatioa,  thf^t 
that  place  had  cooled  down.    Btit  wh$m.  the  galvanic  cnrrie^t 
ipasl9ed'£rom  A'  to  B^thieieuwflis*  0EMasod  A  deviation  .of  |  the 
needle  of  the  nMilti[pIier:'in[*>  thn  opposite  direction  a,iDo\^q^ 
to  50%  and  which  became  stationary  at  30^.     09l^pplyii>g]^jtp 
the  solder  a  small  thermometer,  the  bulb  of  which  was  1 1  lines 
in  diameter,  there  was,  in  the  first  case,  a  diminution  of  tem- 
.}]BS«tUFetxf  1^75  Fa^^,  tnitii^  the>8eciQ|]d"an  ijciciaase  o{jiV;4jS*, 
In  this  experiment  oneinightj  I^Ued  to  suppose  that  a  por- 
tion of  the  galvanic  current  had  traversed  the  thermo-electric 
)^dift9%&iis  causing  the  morelnent  of  the  needle  o£.the>JQBCillti- 
plte']^, -in  which  case^  naturally  enotigh,  the  devasti^n  of :  the 
needle  of  the  multiplier  would  change  on  the  direetiicnitofithe 
>gaitanic  cmrent  being  reversed.  .      .      i 

/  .  Tbi^  however  is  not  the  case :  FirsL  Because  we  cah  assign 
QO'  reason  why  this  secondary  current  shoul4  traverse  the 
thermohelectric  arrangement  more  readily  intone  direction 
.^^)3|aQr  in,  another^  and  this  is  proved  by  the  multiplier  i^dic^tlng 
no  deviation  at  all  when  A  and  A'  were  cowjiect^.yith  the 
WJiy^pifli  battery,  and  B  B'  with  the  multiplier,  ,c^'y^ipe^yyrs4. 
\  J  ^e^ipp,dly.    1  obtained  similar  results  if  I  first  ,q^,  joflt^platced 
vAf.^nd  B'  in  connexion  with  thegalvapip  chain  for  ipiipjietioae, 
fandtliepr  interrupted  the  communic£^tion  and  brought  Ajaiicl 
B  into  connexion  with  the  multiplier,  only  the  deviation  bt'tiie 
^A€^41p;was  not  so  great.  >  .  ^ 

f    fT^dfly,    The  direct  indications  of  the  th(?irmpme.ter  bear 
]iQiit;.'||ie^ruthof  the  phenomenon.  ^      iji     .    , 

•ri^iifci  fjrqer.to  render  this  last  most  direct,  a^^!c6u^i^e.Quently, 

'J»5>?ft*Jt?iki»g  F^of*  ^or®  complete,  I  had  tw,9. j^^^tjUgpuJa^^  h^ris 
p|.  pmtinjv^py'and  bismuth  of  the  dimensions  c^lrejBi^,^^^ 

4jicdd^fdito.each  other  so  as  to  make  a  singj^j^aj  it^l^d^^ 

.j^^  ftjrfu^r  length,  and  I  got  a  hole  bored  mtotfeejiS  at!  the 
place  where  they  were  soldered,  and  into  this  liote'fhe  Kulli  of 
a  smaU  thermometer  was  insei;ted  reaching  half  way  tlirqpgh 

..tbe  folder.  :  The  upper  unoccupied  portion  of  tiiis  iiole  w^s 
entirely  filled  up  witli  iron  fiEngs.^    The.  circuit  betwj^en,  la 

.«ihglr  pair  of^ateSfOf/M^iria^l^^atpri^^ 
surface  was  then  cluMed:  witb^^^jlsater.  rrWl^n^^t^  fH^^gt 
passed  from  the  bismuth  (B)  to  the  antimoay  ((A)-!4)le  ttorn 
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rttmieter  stot  *wn  a8f°!6  Fahr.  f6  58M5,  or  abcf^^'iiix' 
degrees  and  a  half;  itft^  sdnVe  thne,  however,  it  began  it^AmV 
This  was  evidently  catrse^  by  the  bismuth  bar  becomiiig'cofi^' 
siderably  heated,  so'  much  s6  indeed  as  to  be  sensiUy  sK^[iQ^ 
the  touchy  and  thus  by  its  conducting  power  raising  the  4lSebi^ 
perature  of  the  soldered  part. 

The  antimony  bar  did  not  become  sensibly  warm  to  th4 
feel^  which,  as  we  shall  see  in  a  subsequent  article,  is  due  to 
iti^  superior  conducting  power.  On  the  current  being  reversed 
and  made  to  pass  from  A  to  B  the  temperature  rose  till  ii  e^K 
ceeded  140^ 

This  experiment  esttEbli^hes  beyond  a  doubt  the  ftict  of  a 
reduction  of  temperature  when  the  current  flows  from  B  to  A. 
It  also  shows  us  that  it  is  a  bad  plan  to  iead  both  metals  throtigft 
the  ball  of  an  air  thermometer  as  Peltier  does ;  for  wMi  n^&k 
on  arrangement  there  are  no  means  of  preventing  a  pM^tilM  of 
the  bismuth  bar  being  also*  included  in  the  ball  withtfe(^"fifolc^ 
der,  iii  which  case  the  heat  proceeding  from  that  xMt^l'  #ill 
ebsily  overbalance  the  refrigatory  effect  produced  at  th^^soldt^- 

To  concltkdje,  I  have  also  demonstrated  the  faclof  adiJiiiYfth' 
tion  of  temperature  in  another  manner.  I  filled  the  li^te  itf 
the  solder  into  which  the  thermometer  had  been  inserted,  with 
Water,  and  laid  the  bar  upon  melting  snow  and  covered  il 
therewith  all  over  except  where  the  solder  was.  The  teiii* 
perature  of  the  bar  was  of  course  brought  down  by  thatmeAHS 
to  3^  as  ihdicld;ted  duly  by  the  thermometer  wheh  inM^ted 
int6  the  water  in  the  hole  during  the  space  of  ten  mifiiiti^. 
And  now  on  causing  the  current  to  flow  through  the  berfh^ 
^to  Athe  vrater  in  the  hole  in  the  solder  was  cbmpfote^ 
froT^eii  in  five  minutes.  Chi  dipping  the  thermometer  ■itiHi 
this  water  it  fell  to  24M2.  This  experiment,  in  conducting; 
which  Professor  Jacobi,  of  Dorpat,  and  Dr.  Neryrnid^r,  rf 
fielsingfors,  took  an  active  part,  was  repeated  several '-tilue^, 
and  always  with  the  same  result,  •    •    ■ 

This  is,  as  fidr  as  I  am  aware,  the  first  prodcicAion  of'  ic^'b^ 

ffalvanism.  .« i .  //i 

*  •        ■  .  H  .-      M 

Up/^nsibe, conducting  potver  of  bismulh,  antimqnjf^  and 

I  have  determined  the  conducting  powers  of  these  metaWby 
means  of  currents  of  induction,  acccnrding  to  the  method  tlMt 
I  have  frequently  had  recourse  to,  and  ot  which  the  deicripticm 
ai^ared  m  the  thirty-fourth  vol.  of  Poggendorff'a  Annak^; 
'and  as  two  of  the  results  I  have  Ihms  anivedat,  namdiyy  the 
'  conducting  powers  of  bj^mwth  and  of  antimony,  are  dimbbkas 
1tut>nght  into  play  in.  the  abo^e  ^fes^aattiailf/'  iH^tFiftnot  b#  Mt 
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of  place  to  mention  then  bere^  The  experiments  were  in 
th^  first  instance  made  at  the  same  temperature^  namely^  when 
the,  room  was  at  about  66*  Fafar.  X  had  square  rods  of  bis- 
n^vth-and  antimony  cast  of  about  two  feet  four  inches  long, 
and  Ijhey  were  reduced  as  nearly  as  possible  to  the  same  dimen- 
sions by  filing,  their  size  being  ascertained  by  measurementf 
The  mercury  was  poured  into  a  ^lass  tube  whose  length  was 
Qiacupately  known  and  whose  diameter  was  ascertamed  by 
Hreighiiag  the  mercury.  Calling  the  conducting  power  of  cop- 
p^  iOO>  the  results  wei^  as  follow ; 

Conducting  power  of  mercury    =  4.66 

antimony  rr  8.87  > 

/       :  bismuth     =  2.58 

Th^<»  results  haive.  a}l.  the  accuracy  of  .my  former  ones  of  thet 
9^me  kind. 

t'  Mj^:««xt  endeavour  was.  to  ascertain  the  eonduc^ing  power 
o£)botb  b^s  of  bismuth  and  antimony  when  forming  one  bar^ 
lto#t  iTJtiiea  the  current  proceeded  from  the  bismuth  to  the 
Wtifnony,  and  afterwards  when  its  course  was  in  the  contrary 
iiis^ti^vk^  For  this  purpose  I  connected  the  bars  toget|ier 
with  ^.pieee  of  copper  wire  an  inch  long^  the  other  ends  ^ 
thebsirs  being  brought  into  connexion  with  the  electromotory 
f  oi)«  I  obtained  in  this  manner  when  the  current  passed  from 
the  bismuth  to  the  antimony  a  resistance  r=  3.53.  When  the 
g^^rse^t  passed  from  the  antimony  to  the  bismntJbf  a  resistance 
lpH^i3w59»  The  resistance  offered  by  a  foot  of  cq^^r  wii:e  whose 
aeotipi). is  0.0008856  square  inch  English  is  here  t^^eif  4^ 
l^pit^yf  utid  this  is  the  normal  wire  I  employ  in  iJl  mfi[  .ou^^ 
jiM^t^tionj^  of  a  similar  nature.  It  makes  thcar^jKyre  \}^ 
£jttle  d^ere^nee  to  the  cimducting  power  whether  th^icfi^ei^i 
j^sope^ds  from  the  bismuth  to  the  antimony  or  the  r^rerse 
^heo  traversing  both  bars  in  connexion.  The  resistance 
offered  also  is  very  nearly  equal  to  the  sum  of  the  resistance 
of  both  bars,  as  determined  when  not  in  comiexion^  This 
f  4m  4s^3*50  and  it  agrees  pretty  closely  with  tj^pidan  of. the 
two  numbers  above  given,  namely  3.56. 

The  conducting  power  of  these  two  metals,  however,  appears 
^  'Val^  considerably.  I  observe  by  referent  etcT^  My^  j«u#nal 
that  about  a  year  ago  I  ascertained  the  resisting  pc^ertifm 
jdlermo-eleotric  system  of  five  pairs  of  bars  of .  Vifmuth  imd 
ttsiitimony  to  be  3.71,  whereas  according  to  the  vi^^es  ji^tt 
given  it  ought,  from  the  size  of  the  bars  employed^  to  %wt 
b«en5*04.  :  .; 

The  oonducting  ipofret  of  a  ?od  of  Jbismuth  meUe4  iinto.  a 
-gUM  tube  was  in  ^  lipkd^mfmne^  4^^wmiAed  tQ,b$  l,60i|iijUad 
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Tl^e  lower  valuejC(f  ^hei;l(Q:|^ipfif,jiiupftt>er  may  however,  ,9^¥ie 
from  the  melted  ]3jisin^t]^)t^i;hi^yi,r;ig;CQn^^  air  b^ljl4?j* 

i^  it  in  several  1^9^.^'.  ^^^^^  i^^  3?ecitaDgular  b^  .f^Wyj^. 
examined  was  a  ypf yjclj^ufi  ;)^^a  .^onipa^t  casting.  . . ,  ;.     ' .. 

Upon  the  retaiioH  ^xiisthigbis^tujeenetectro-magneiicand 
magneto-eleetric  dufrents:  '  j'    i 

■^ _  .  .      .  •      '.„   '     •      •    i      r'  :.'  ,    .    .,  ..    •  ■-     Jill  ^j 

In  the  papw  contain^  in  the  tibirty h&at  vol .  io£  Foggendbi^a : 

Annals^  p.  483^  I  have  worked  out  the  idea  that  every  dkclbna^ 

mqmeff  c  eB^rinient  cw  Jb^^Qhte versed  as  to  cause  it  to  bring 

form  corresponding  magneto-electric  phenomeaa.    AUitbiiV 

is  required  for  this  is  that  the  galvanic  condactar  should  Jbiave 

communicated  to  it  by  some  other  means  the  same  motion 

that  it  has  wheit  traversed  by  the  current  during  the  electro- 

iqfig^^tic  e^^perimentp    I»  thi«p^^  ^er^  will  he.generff^^ 

vit^n  it^^^  current.VBiQ^  to  tAa\f^^er 

one.    I  have  m  thai.p^perfndq9VQi^ed  to  allow ,biy.ip^Mfi[ of 

the  most  generally  known  electro-niagnetic  experiments,  that 

t]M^P9filtiiy2iis  well  fousided;  iandv^ery. lately  I  &U  ui.«iik*fkii 

interesting  confirmation  of  the  views  I  there  laid  down. 

i>vAitiv(didi8e  who  haveroedapied  theih^dves  with  galv^in^ekc- 

(jDijadedqpepiments  are  acquainted  with  the  magneto-^electrkr 

machine  of  Ptxii  in  wUon  the-  whole  phenomena  of  the  gat- 

vaqic  biirreni  were  first  piodiiced  by  the  rotation  of  a  cftiigtiet. 

IjQitfaisiiHaehinieblhemirreiit  ia g^ierated  at  the  first  ha^-tierta 

*  of  tli&imag]QeikJ  in  <me  ^direction V  and  in  the  succeeding 'h^ 

^um?  is  tliB  opposite  dilrecticAi^  and  so  on.     To  give  thesis  (60a^ 

ti9iBy'<!qni0DtS'OnQ  and  ^th^  same  direction^  Pixii  adapted  jytii- 

jxBfeaiettamutator  to  the  wire  in  which  the  current  ^irtis^g^^ 

erated.     I  have  replaced  this  commutator  by  a  rotatd^yj'Oiie 

^ikiiyka*  in  principle  to  Jacsobi's  (see  Annals  vol.  I.  p.  420)^  iind 

which  is  fixed  i£rectly  into  the  rotating  axis  of  the  steel-mi^ 

net.    By  iiSis  means  I  obtain  a  current>  intermUtin^  i^tiis'tj^ue 

but  passing abway 8 in  the  same  dii^ction^  and  whichfor  in^tane^ 

magnediizfiB-BiirT^eiectro-magnet  against  whidi  \h&-9Jk<iliW'^i^ 

faeldfiDisla*oa;^^%)t^at  it  supports  a  weight  of  701bs.  '^-  *^   ^^^^1 

.'.\  Iii(|icfsoida&aE>Vith  the  above  mentioned  Iawof%he7id0i|l^o'^ 

cityiofi  ikagmstaoMelectric  and  electro-magnetic  i^enomdbli 

continuous  rotation  should  be  obtained  (the  arrangetiki6i^t  '6f 

thfi  mffsoAinsimAg  no  way*  changed  and  the  magnetremalning 

.«t0tH)fliajry)>i8s  soon- as  there  is  called  forth  by  a  pile  the  '<$ar«- 

innt  imparted  in  the  last  experiment  by  induction,  the  rotation 

however  will  take  plaice  in  the  contrary  direction.     On  per* 

forming  this  experiment  in  company  with  Professor  Jacobi, 

^iih  M*MW^Mf^&oske3ajtioSiiyBd»9i^  of 

twelve  square  inches  surface  it  succeeded  completely »     The 
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magrfet  hi  first  rotated  withsiifficienf^Vdfe  to  catry  round  the 
wfce^l-Work  connected  witfcit  by'a  yinch.  It  however  in  this 
e^l^^iment  soon  lost  the  gt^atfer  part  of  its^  original  power 
owing  to  its  approaching  Doo  clos^  the  synonymous  poles  of 
the  ai\chor  when  povKftrliiUy.ixif^gnetiM;^  U  i^^^asy  to^ee  plainly 
how  this  rotatory  motion  must  of  necessity  oqcuT)  being  ist 
point  of  fact  nothing  more  than  Professor  Jacobi's  rotating 
raabhibe'iii  whieh  otterol-tb^  €flie!0]fo*i»agj^  is  replacM  by  a 
steel  >ibagnet.>  .  i  «- »  "i--  ^'Ji  if-  ^. .  .  : 

.a' I.'  .-  ,  .. . .  t  -.  ;;•.,  ir/JtJ^LI'ANOUOGSiWORTH.- 
Wdjfiihi^ood  Scyubbs^^'i  .)i-i).r.i'>-w)  >■■:  -■•'  =  '     -ii^i 

XIiV^.^i^  v^«.,  aimnft46  p^o^^le^ri&  phmcnwena  to  b6 
'^'di^nddnt  upon  •eibi^tidn^  f^dfn  three  ex'pefhnents  of 
"^♦>Ftt^l^fisAeiR  MdtL.  '  Bij^fi:  PoLtoci.    /     '     ■  ^ 

iRealdibefor^.the  liondoiv  Etedlrieal  Soeiiiiy,  SepleBAb^  Ifgy^SSg;- 

.-, J[pi,ib?  foinner  papers^  readbe&irq th» Society,  I  endsflvaUred 
t^.al^o^r,  that  the  phenomena'^  ebctricity  caa  be  exptoined; 
ii^.^n3ide9c^d  as  the  reault  o|  ithe  vihiratton  of  matter* 

;.Ja  proof  of  the  existence  of  such  yibratkm^.  I  relied  upon 
th<^jQb^fl^vatiou  made  by  LaPlaoe,  that  heat  risi  disengaged 
%i]^i{thjs,  vibration  of  the  air.  acGompanying  tl]ei];iiogre86  of 
SQwd  through  it;  believing  that  such,  heat  ftfa  otilj^iariM 
£rQ^  thQ  fact  of  the  beat  disengsaged  daring  the  joompsefskxi 
of  tbe^aiW  not  being  absorbed  during  the  rarefaction  nttendaii^ 
»^iV  th^  same  vibration.  •      '       • 

l^.iXW^^t^  whenever  generated  by  motion  through  matter 
ajpft^pjeed-to  furnish  a  general  t^^t  for  vibration  ;  not  for  that 
ao^pmp^nying  sound  merely,  but  also  for  the  vibration  sup* 
p^i^^itA* attend  the  motion  of  the  electric oaotion. through 
spajbtfir^^i  such  as  for  instance^  through  the>voks^e.  ba/ttery. 
This  test,. however^  has  not  been  considcme^iias- worthy  of 
i^liwac^^f*  .  It  is  necessary  then  to  look  out  .fQr)£uither  proofs. 
.3nbe^e.fi|)p^ar  to  be  furnished  by  the  phenomieiu^iirf  thermo*- 
'Meeferipity^  .        ^  ^r.i(/'  ". 

ThQ.itwo  experiments  of  Professor  Moll,*  whenha^pplied 
h^At  and  al^o  cold  to  the  point  of  junetioa  (^^antunoEiy  and 
Gopffft^  the  two  dissimilar  metala  of  the  theciiiDrcieetric 
apparatus,  appear  wqU  adapted  for  ithift  purpose. 


:.v,;ii   /",•  j'i    J» 


u   «  Dr.  Sedb«Qk^iofrB6riiiiyiivfu>tli0/fihit  ipbiks^ 

ihit  exp^riine^t»[.>.J^t^jj  >  )iK.:  ii  oii-tuj-i  .  -•  .  ..|m  •■*.:  ♦»;. 
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C,  fig;  2i  Flate  Xll»i  is  d'copper  'wire^  A  a&  antimpny  Vm/ 
S  N  BOutH  and  north  positions,  n  the  magnetic  ueedl9>/^.th#i 
positioDfiiof  junctioDLcrft|iettvo;ineftaIs,  v  thedirecdoatoflllhe 
current  pasBiiig  out  of  the  antimony  imta  the  copper. :      '  t 

When  heat  is  applied  aty,  the  aeAeetioa  of  the  needle,  is 
eastward,  or  such  as  to  indicate  that  a  cujfrent  passes  throtigfe 
the  arrangement,  as  shovi^n  by  the  airoivA.  If  cold  be  applied 
aty^  the  deflection  is  westward,  and  the  other  f^endm^mi^'  | 

are  reversed.  Professor  Moll  also  performed  a  third  eiiperi- 
mcttt  with  a  voltaic  arrangemient,  somewhat  similar  to  the 
abbVe  thelrmo^eleotric  one  (see  fig.  8),  except  that  zinCy  Z,  was 
substituted  for  the  antimony ;  and  a«id,  A^  instead  of  heat  or 
cUd,  applied  to  the  junction^',  of  the  two  metals.  ThisremafV' 
able  fact  is  to  be  observed,  taat  the  currents  and  the  defl^ion- 
Bte  Ihe  same  as  when  in  the  thermo-electric  apparatusj  coMf  | 

and  not  heat  is  employed*  >i       ; ; 

These,  experiments  are  mo^  important  from  th^  djreejb 
Defcndnoe  they  bear  to  the  theory  of  vibration.     Here  are 
two:itiiidlaIi  >employed  in  this  arrangement,  antimony  aad 
eeppeor:  ;tbe  former  is  one  of  the  worst  of  conductors,  both  of 
hefat/aand  of  electricity;  and  the  latter  one  of  the  hes*^ 
Therefore,  according  to  the  common  notion,  the  heat  on  being 
applied  at/  ought  to  pass  along  the  best  conductor,  the  ct^ 
per ;  and  on  its  arrival  at  k,  enter  the  worst  conductor,  th^ 
antidhonyj;  thus  constituting  a  current  along  the  G(^per  ffQxn. 
thier  heatiedrto>the  codJ  part    But  what  says  the  experiment.? 
Itaaystbatrto  far  is  this  oommon  notion  from  b^ng.  tme^^  (hff 
vnly.vev^se  is  true;  the  current  actually  passing  froipfjtlM^ 
Unmiei  ^jnlo  the  better  conductor,  as  at  A,  thus  prov^  ib^ 
thddry  of  vitiation :  the  &ct$  being  such  as  according  ^o  1^^ 
theory,  they  ought  to  be.     The  effects  of  the  expawsjoti 
attendant  upon  the  application  of  the  heat,  however  limit^ 
or  paitifd;  are  not  confined  to  the  point  of  application^  J^  alonti 
bttt^r^e^fiBUe^tfa  distance  as  at  k,  before  it  is  possible  the  hf^ 
itself  canUavel.travelled  thither.  .:.  i  ,aq 

Thens  is^taiiother  view  of  this  experiment  wheifCbi  bm^ 
£irther>evidmee  to  the  truth  of  the  theory  of  tibratipn.-  ^  We 
tnaypat-it^iii  ';the  form  of  a  question.  Is  the  heat  retnlefed 
reipjiistte  by  the  expansion  of  the  copper  at/,  supplied  entirely 
fay  the  lamp,  oris  it  derived  from  some  other  additional  $oufce? 
If  thfi  lamp  furnishes  the  only  supply,  then  the  theory  of 
vibration  tumbles  to  the  ground.  If  not,  then  is  that  theory 
established  in  all  its  power.  If  the  heat  of  the  lamp  were 
the  only  source,  then  ought  the  current  to  pass  along  the 
eopprirfromy  towaid  A^.bui^Jis  observed  before,  so  &t  firma 
this  being  a  fact,  it  is  also  4^i$^:&c^^ll%^nftim(»;y  at4^ 


wl^e(i[|<i8  impossible  theliefa|»f>t&e'4arbi>isanhiive  produced 
atvt' dii^ct  influenee.  •.     •  ) 

>¥hiir^  is  a  third  view  of  tbi»  <  expeliment    tending  still 
further  to  estftbiish  this  theory^  'which  may  be  taken.  I  bBliete 
it^^iff>4gfeed  by  nearly  all  electricians  that  ail  bodies  contain 
eft^r  one  or  two  fiuids,  and  it  is  only  when  the  cqailiforinm 
i4  dismurbed,  that  eleetricsl  phenomena  are  manifested*    We 
zti&y  then  enquire ;  mix  keiat  bie  «]^)Ued  to  this  thermo«electrio 
apparatus^  as  at  7'^  and  expansion  take  place,  without  the 
cf^Hbrium  of  the  elettrie  fiUid  previoasly^  existing  in  it  being 
d^tUrbed,  and  eleeini^phen^inena  being  prodticed  ?     Thit. 
e^p^iia^ent  gives  the^'anl^Wer  -hi^the  negartive ;  and  it/mor^v^r/ 
inrfettns  us  that  when  tt^  he4t^  has  entered  the  copper,  AtA 
ha«  4dqiS^bly  difiiised'  itHiMy  >  tb^neby  i^stormg  the  ^quilib^innif 
#^  eleelric  effect  ceases:  thus  proving  incontestably  that 
the  electric  phenomena  are  the  result  of  tfaeii^uenoe  which 
A^^'^at'^^xercises  upon  the  fluid  previously  eidiffting>  ini  the 
ap^aMtdi^,  disturbing  its  equilibrium  ;  and  not  of:  its*  dircicst 
.  ^«nisSgri>on.     This  experiment^  th^efsre,  proves  vibrdtiim^  xnf 
^tag^  of  alternate  expansion  and  contraction,  aocbrditng  jiis 
the  fluid  is  admitted  or  emitted^     It  is  incumbeao^t  upon  f the} 
dpponehts  of  this  theory  to  show  how  unequal  expansion  of  i 
body  can  take  place^  without  the  equilibrium  ictf  its  fluid  bdi^^ 
d^iui^ed.  '  :  1!  •       ',  .      ' 

ii'^^d^itukuion^  From  the  foregoing,  three  ilhi]|g»  hays 
1)i@tl'€ittempted  to  be  shown.  First,  i  That  the  hkU)  lefi  tlsKi 
HdAp'^giih^rates  a  current  in  the  copper  in-ftdcreotionldcmttffi.]^ 
W^bli^t  which,  according  to  oominon  notion^^dt^'Oughti 
tSihaSfifiAlp,  That  the  lamp  is  not  the  only  sourde  of  idie»heait 
jf^^^il^fte  on  the  expansion  of  the  copper.  Tkitdip^  /Thfiil 
the  heat  of  the  lamp  produces  this  thermo-electric  actiop^  not 
f}ydt&< direct  heating  powers^  but  by  indirectly,  dbtnrbing 
l^'^uUbyium  of  the  eledricfluid  previously  existing,  in  the 
4ff|iflLr^a9.  '  It  appears  impossible  to  explaim  tb»se  elea^kal 
phenomena,  except  upon  the  suppositiim  io£> 'tUeir  being 
i^i^b^d^nt  upon  matter  undergoing  clearly  'defined  stages  of 
^ySration.  Moreover'f  from  the  above  iiyvesttg^on^' il  is 
ifkiFair^lyypoJSsible  to  avoid  the  ccmclusion^  that'^hatfisrtt^inod 
th^  lateM  lieat  of  bodies^  and  their  dectric  flaid^aitelideBtiQal; 
'  If  eleetmity  be  dependant  upon  the  vibratioiiiof  mattev^  it  is 
bf  the  first  importance  to  be  satisfied  of  the  truth  of  <  that 
theory,  and  to  api^y  to  it  furth^^samination.      . 

When  w^  examine  the  nature  of  foice  and  vesiitttMse^.  tha 
result  will  be  found-  in  striet- aooeifdaaee  with  that  theory; 
4telfl,  tbe  ^lectiie  (dtgntte^i^t8»m(^ikwf^mav^ 
'^itkeirvly^iMlw^WfMflAt^fewaq^  od&  a  ..  ,.:.?:  /.  -gaid^  --.:.- 
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iftsulated^  metnilMi  oyllnd^icul  Etf^gmetits,  secured  oq:  tli^  #»#|^ 
imd  two  sfcationAry  iii^lallic  tangent  springs  for  coiMi»^pin^ 
Silver^  about  the  pu^ity^  of  coin,  answers  best.  Tb&  «Mr«p 
from  each  of  the  armatures^  pass  through  holes  in  the^  WfffP 
straps^  and  through  openings  in  the  sides  of  the  maohii^^ilo 
be  attached  to  the  pole  cb«uigers^  one  of  which  is  SQen  aii& 
One  pole  changer  would. sufi^ce  fos  bo^h  armatures,  •l][v^bF 
using  two^  the  experiments,  may  be  conskLearably  vari/ed^aS'tj^^ 
separate  coils  may  be  combined^^oform  a  simple  or  comp0iPi^ 
'battery,  ii^  are  the  tangent,  springs  of  copper,  botrti^fi^d 
^itb  silver  where  they  f  est  upte  tlotfi  sjlMe):  .paLeahangep^  !£ber 
Ipaas  lip  through  the  tiop  bo^iof  (fa(itnaabin«^<  and  ar0  vscj- 
)d^dd  respectively  to  the  hl:iis^<«st:rapsii&^  into  wbfahuate 
seTfiWedthe  mercury.  eaps^!K»ie^"'vi&icii4s of  glas^  it^i'f^ 
hibi ting,  the  spark,  combt^ion>.bf  ;etber^  alcohol,  4^^.-:^. 
These  oups  represent  the  twQ  conatont  poles  of  the  re>aCflyj|ig 
eoils.  The-ckcuifc  is  oompleted and  broken  by  the^riBe^AM 
fall  o£the  cnrvied  wiretriy  attached  to  the  little  lever i/^  .'Ati) 
t^'lev«s)  is'^aUed  downby  a  spiral  spring.  At  the  Qtih^riielM 
is^fastehed  a  strings  which  passes  down  to  the  low^r  ley€^|9. 
rThiV  is  .worked  by  the  riBvolving  pins  n  s,  attached  to>ft  prov- 
able feh'ule  on  the  shaft.  The  pins  n  s^  are  themselves  bipditig 
screws,  so  that- the  ferrule  may  be  adjusted  in  any  ppsiti^, 
and  the  cirduit  broken  at  any  required  time.  This  ^elecjN^- 
tdnie^  as  it  may  be  called,  is  removed  when  decompositKms.Ae 
performed/ and  the  platinum  wires  are  inserted  into  the:>ii90r- 
euryicuipa/  The  machine  works  equally  well,  turned  eiti^r 
way.  I  have  not  yet  had  an  opportunity  to  measure  the  ^e 
of  deeomposition  of  pure  water,  but  it  is  certainly  as  rapid  as 
feomone  hundred  pairs  of  galvanic  plates.  Pure  ^at^fis 
rapidly  decomposed  when  the  platinum  wires  are  ten  insches 
apart.  A  few  turns  of  the  wheel  furnish  mixed  ga^s  eo^at^gh 
to  make  a  smart  explosion.  A  solution  of  sulphate  of  sod^! in 
cabbage  wutef^  contained  in  separate  glass  cells,  subnulted.to 
the  action  of  the  machine,  gives  immediately  the  characterise 
changes  of  colour  by  decomposition ;  reversing  the  motipn^pf 
the  wheel,  the  reverse  change  takes  place.  The.  light  fi^om 
charcoal  f^oiats  is  insupportable.  Plumbago  gives  an  intepse 
light.  The  metallic  leaves  bum  with  splendoux.  Wheit  a 
Wire  is  suddenly  withdrawn  from  one  of  the  poles  oar  }>ra6s 
straps,  a  bright  spark  is  obtained,  half  an  inch  in  length. 
When  the  circuit  is  broken  from  a  smooth  and  clean  metallic 
surface,  an  entirely  new  and  beautiful  appearance  [ffesents 
itself.  A  diffuse,  irregular^  nebulous  spark,  darts  along  the 
surface,  sometimes  in  several  directions  at  once,  to  the 
distance  oi  half  car  three  quarters  of  a^n  indb.      It  sue* 


*^^^WitIi  all  the  metals  yet  tried,  but  best  iritU  a'|>ia«e 

atitoei'tineij  striated  with  a  smboth  tile;  Whea  tbe  lever  trip 

is  'v^orked,  the  seeondarj  current  frequently  playii  with  an 

int^^e  green  light,  across  the  scnparations  between  the  pole 

dha»g^rs«     The  shock  from  the  direct  current  is  uncomfort- 

ai>l^  with  dry  hands ;  but  when  the  secondary  current  is  used, 

it^il^  painful  to  touch  the  poleB,=  even  with  the  fingers.     It 

okuies  the  gold  leavee  of  the  electroscope  to  diverge  etroBgly, 

'Wilhout  the  aid  of  a  leyden  jaJr,  cor  extended  insulated  metallic 

^eixHb^es.     It  charges  a  leyde|i  jar  at  every  touch.  A  cfaardoal 

point  on  the  knob  ,of  the  mi j  iaiiBpirds  a  bright  li^t  at  cs^efy 

kmch«     t  have  some>  time  ainice  showii»  that  the  dio^jLS'asi^ 

decompositions  prodtiK^edt  by  the  sbcondaify  -  currenl  ofiflik 

^ri^])i^  and  hehces  hi  bontexixm  with  a  single  pair  of  plates, 

%^e  jjreatly  incteased,  if 'the'suarft^e  of  the  mercury,  :(or  edtUd 

^^simdiaotor,)  from  wliidh  the  circuft  isl  btioken,  be  covered  wiiih 

ij^^^ter  or  naphtha.  I  have  since  found  th»t  cnl^vesafiir 

<g#^teritterease  than  eithei*.    The  rationale  is^now.ob^^iavii. 

^  Wh^ifhe  batterv  circuit  is  comfdeted^  (as  sho#n^jbyiF«nuk^s 

di^ifco^ries  of  volta^eleotrie  induetios,)  a  feeble  secondary}  fcur- 

yettt  floi^sin  a  direction  opposite  to  that  of  the  batteiy. .  Whfo 

:the  circuit  is  broken,  a  powerAil  secondary  rushes  ^the  saise 

dlr^^ion  with  the  primitive  battery  current     Henoettiie 

flight  spark  is  occasioned  by  the  passage  of. the  secondaiy 

'^through  the  heated  air,  occasioned  oy  the  combustiea.of  the 

ttiercury.     Now,  if  the  surface  of  the  m^tal  is  eov^rodiwltitia 

fitt6ti-c6nducting  liquid,  such  as  oil,  the  circuit  is  briqlDen{wi(^ 

precision,  while  an  obstacle  is  offered  to  the  consefqiient  and 

seieotidary  current,  and  the  greater  par^^  of  it  ntshsstkibilffh 

the  body,  or  whatever  conducted*  joins  the  extremitiesxiftdke 

eoil.     The  application  of  this  fact  is  of  great  value  in  the. use 

"of  the  magneto-electric  machine.     If  a  drop  of  oil  be  put  upon 

th^  break  piece  of  the  ingenious  machine  of  C3arke,  its  power 

^111  -be  greatly  increased,  while  it  preserves  a  good  contact  by 

IscKtingtbe  metals  from  oxidation.     I  find  iil60<,  that  if  the 

'  eyiatum  of  oil  foe  very  thin,  the  spark  is  moDe  brilliant  than 

'WiiAiOttt  it,  being  partly  due  to  the  combustion  of  the  ofl.  The 

MDie  is  true  also  of  charcoal  points,  when  usediiviitia  the  defla- 

gratot  or  magnetic  electrical  machine.  It  wiUive  seen  atonoe, 

thai  tile  gain  of  power  in  this  new  magnetic  eleelrbal  machme 

must  be  very  great.     I  notice  in  the  last  No.  of  this  Journal^ 

that  Clarke's  machine  has  on  onearnrnture  four  thousand  five 

hundred  feet  of  wire,  whereas  on  one  armature  of  this  machine 

there  are  only  eight  hundred  feet.  iThe  source  of  this  supmor 

action,  is  chiefly  the  use  of  tlfe  straight  armature^  instead  of 

the  revolving  borse*<ehoe.     Tj[iere  is  noadvanta^S'  hoissmvamg 
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a  hprse-shoe  (for  ele^ctxo-magoetic  or  magneto-electrki  pur- 
poses) beyond  the  straight  portion.  Hence  the  piece. of  iron 
is  longer  than  necessary  for  tb^  full  and  ready  production,<^aml 
neutralization  of  the  magnetic  forces..  The  straight  ^noatuije 
is  covered  through  its  entire  lengthy  and  covered  with,  ease 
and  precision  in  a  lathe. 

On  a  new  compound  electro-magnet, /or  the  production  of 
the  magnetic  electrical  sparky  aim  also  for  attractif>e.fjo.ree. 
The  following  positions^.  I  thinlf.,  ^^y,be  consideredias  Wfdl 
established  by  experimexjit.  .  1st.  ,.Y«fy  Iqagandtarg-^ibara^f 
^oft  iron,  even  with  a  p?:opor|fli^nat^.l^8|.ttery,< acquire,  a  com- 
parative feebler  magpetiq  i^]L^fi^^y.,tUft^, smaller  bars,  3d. 
TKai  long  and  large  bars,  of  softii'ooi^.pQQe  .Ghaa;ged  by  a.  bafc- 
,tery5  retain  a  greater  degree  q£.  magnetic  pow^r  than  ssnl^ler 
ones.  The  great  magnet  lately^  cons^truc^ed  by  Dj),  Ko^giof 
this  city,  (Boston)  in  imitation  of  Prof.  CaUai^'s,  h^^^^iIb^, 
affords  copvincing  proof  of  the^o^ facts.  This  magnettv  i^t>xi^de 
from  a  bar  of  two  and  one  half  inch  iron,  and  foujrtQ^^-sfefit 
topg.  It^,, lifting  power  is  about  onje  t thousand  fiv.^  ib«M|()rfd 
pounds,  and  when  the  battery  ^nd  armature  axa  T^ii^yei^.it 
f etains  a  permanent  lifting  power,  of  fifty  pounds,  ^i^wi 
with  this  curious  fact^  X  was  led  to  the  construction  of  th^ 
compound  electro-magnet.  My  first  experiment  was  Tf\^ii» 
with  three  separate  layers  of  coiled  wire  round.a  wooden  ^ffool 
ten  inches  long,  with  a  bar  of  soft  iron  enclosed.  This  ^^ 
connected  with  two  pairs  of  plates  and  the  spark  and^^iQpJ^ 
observed.  The  bar  of  iron  was  then  removed^  a^d^,,1i>^9^ 
of  annealed  large  iron  wire,  introduced  in  its  place.  The 
spsrkr  «nd  shocks  were  increased  to  a  surprising  degree.  I 
then  tppjk  a  bundle  of  smaller  wires  four  inches  lopg/^Q^ 
wound  them  with  only  two  layers  of  continuous  wire^  .  .TJhe 
spark  from  this  was  as  intense  as  that  given  by  thevU^Tg^bAi* 
in  the  spool.  1  next  took  seven  pieces  of  good  hoop  iroB^j^ell 
annealed,  one  inch  wide,  one  fourteenth  of  an  inch  thick,  and 
eight  inches  long.  These  were  firmly  rivetted  together,  and 
the  angles  p{  th^  compound  bar  thus  made,  we^^  ^und^  to 
prevent  tiutttn^  the  wire.  Four  layers  of  coiled  wire,  w^p  ^^<^ 
wound  bpciii  it,  and  their  ends  attached  to  two  conneoting 
virisv  Nothing  can  be  imagined  more  intense  and  .be^utii^ 
than  the  ^parki^  produced  by  this  little  compound  magnet. 
When  a  piece  of  iron  is  burned  with  it,  the  ignited  particles 
iane  fi^eqpieatly  thrown  ofi^,  the  distance  of  two  feet,  and  occa- 
Monally  fjEiU  to  the  floor.-  For  its  size,  it  is  the  strongest 
electro-magnet  I  have  ever  known,  and  when  the  battery  is 
withdrawn,  there  is  not  magnetism  enough  retained,  to  affect 
a  very  delicate  needle:  "  From  this  perfect  ueutralization  of 
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jytsvf0t;  Ittises  in  great  measure,  the  ititensity  of  the  secondary 
<mr^nt.  The  neutrality  is  partly  doe  to  the  reduced  size  of 
th^bars,  but  chiefly  to  the  action  of  their  sii^ilar  poles  upon 
^ea^h  icitlier, -when  the  exciting  cause  is  withdrawn.* 

'  Fig.  6,  represents  a  small  electro- magnetic  bar,  mounted 
for  rotation,  with  my  pole  changer  attached,  which  is  shown 
'  at  n,  b  by  are  the  conducting  tangent  springs ;  c  c,  mercury 
^©Dfps  for  connexion  with  th6  batterjjr.  No  stationary  magnet 
tire  h^re  used,  the  insta^uriictit  being  made  with  such  delicacy 
a»to'revolve  by  the  'ear^h'W  rnagnetism.  Placed  upon  the 
top  IxJard  of  the'macHinef;'  Hte^  obiinexions  being  made/ it 
devolves  rapidly  by'th€fkt(i^«ct?6n5an:d'repulsionsof  the  upp^t 
poles' of  the  large  mag!ielf*iih4fertieatli,  ' 
'•  A'-fttnall  elec(TOfrtirighfet,'6hfetrged-by  the  three  ii^ner  coils 
JOfvOiie^of  the  arMaltiresr,  n^tistained  permanently  ten  pounds, 
#Mte'^he  maehinewWiri  acMoh.  ' 

•  'V^Moh  of  ironrfiUng^i^^^hen  a  wire  from  one  pole  of  the 
hiafchlTief  was  placed  itia  h^ttp  of  fine  iron  filings,  and  ,^  hunch 
W'^li^e  raised  by  a  m^gnetie  bar  tonneoted  wfth'tlie  other 
toofe,'tfee'  cbnnecting  shreds  of  filings,  sometimes  ati  inch  iii 
leiSgiK,  became  intensfely  ignited'  thi'oughout,  fu^ed  intp  & 
m^sk  attd  fell  dif,  leaving  frequently  a  globule  attached  to  one 
of  the  poles,  which  glowed  for  a  time  after  the  contact  was 
bfoketi,  and  then  exploded,  asi  is  seen  with  particles  of  iron 
Inirmng  in  oxygen.  This  curious  fex^riment  succeeds  best, 
4fh^b  thfe  filings  are  held  betw'een  two  opposite  Ddles'bf  maj^- 
^tte4>ftrs,  connected  each  with  the  boles  of  the\attery. 

[ 7v7';t"'    ■     •■  ■       .,  I   .   ■  1,    ■     ■  1.1    ,■>..>;   .    I       II..    [inii   \iA\\)^^ 
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>  MlustYdHng  a  Theory  intended  to  connect  the  Operations 
''  4>f^SS'*^ture,  upon  general  principles,     BypAVh  Cooper, 

^'Es^i^'-'  '^ 

l)iiG  ,1  n.i  f  Continued  from  page  313u^i(    -    <    : 

^^  iS^y^"'  Thfe  last  of  these  experiments  is  enitiile<|,tQ  ati^ 
SrHiA  Its  i)oihting  out  the  relative  electrical  foi^ijes  pjf  notassa, 
jUl^hiir,  and  copper.      To  produce  the  decompps^io'n  and 
recdmposition  in  the  manner  described,  the  ele^cirpljrtia  njust 

*  The  explanation  here  given  by  Dr.  Page  of  the  almost  total 
disappearance  of  polarity  when  a  bundle  of  wires  or  strips  of  iron 
are  employed  in  the  helix,  appears  to  us,  to  be  perfectly  satisfactory. 
For  a  complete  investigation  of  the  effects  of  different  forms  of  soft 
iron,  when  subjected  to  the  action  of  electrical  currents,  see  p*  470 
of  Vol.  I.  of  these  Annals.    Edit. 
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b&  arrangedas  in  figore  78,  Plate  X. ;  in  which  it  will  be  ob^ 
served  that  the  sulphur  is  united  to  the  potassaby  a  positHre 
surface,  a  proof  that  sulphur  is  positive  to  potassa ;  and  likewise 
that  the  sulphur  must  acquire  a  positive  sur&ce  to  enable  it  to. 
unite  to  the  coj^r^  a  proof  that  sulphur  is  also  positive  to 
copper  (102).  it  is  probable  that  potassa  is  negative:  t<^ 
copper,  from  itft  inducing  a  positive  sui^ace  in  the  iron  in 
opposition  to  the  natural  inductive  foirce  of  the  copper.  Iiv 
this  experiment  potadsa  appears  to  bear  the  same  relati(»i  t<> 
ddpper,  that  in  former  experiments  hydrogen  bears  to  zinc  (86i)k 

133^  An  erroneous  view  t£  the  character  of  the  electcou 
ihotiire  forces  previously  described  (87),  which,  from  want  c£ 
due  consideration,  led  me  to  suppose  that  the  direction  of  tbfo 
current  arose  out  of  the  balance  'Of>  two  opposing  currente^ 
iiistetKl  of  a  b^danee  of  eleptro-^motive  ferce  upon  every  sup&oe 
in  the  circuit,  produced  by  the  inductive  influence  of  thd 
elex»i^t$  upon  eachoth^^  (144)',  induced  me  to  adopt  the 
C|>iy[OCi  (in  opposition  to  views  I  bad  long  previously  ei^eru 
taMa0d[^),'th&t  'the  increase  of  the  electro-motive  forces  m 
associated  voltaic  circles  was  derived  &om  a  concurrence  of 
fbe-forees  in  the  different  dells  of  the  battery;  which,  by 
dating  in  union,  produced  a  joint.force.  (See  Researches  98dy 
d90.)  But  further  Consideration  has  satis^ed  me  that  there 
are  no  means  of  connecting  the  forces  in  this  maaner,  aiid 
that  we  iiiust  look  for  this  increase  of  force  to  the  increased 
ijutensity  lof  derangement  in  the  plates,  produced  by  thrfic 
auction  uppn  each  other  (141).  If  we  could  get  over  tkas*did4 
Acuity  by  supposing  the  forces  in  the  different  cells  tdbq 
uniied  by  drawing  or  propelling  the  current  in  the  same  dii^e^j 
tioil,  there  would  be  another  objection  to  the  explanation  9  ipe 
should  have  two  causes  to  produce  one  effect,  either  of  iwhkdl 
niould  be  sufficient  for  the  purpose,  for  there  must  be  inerdased 
intensity  (136)  in  plates  thus  associated,  and  this  inicreAfied 
intensity  must  produce  in  every  part  of  the  circuit  an  indreaesi 
of  electro* motive  force.  i '  it » 

134;  That  increased  intensity  of  derangement  i8^tfafdLrB4 
suit  of  associated  numbers,  will  be  evident  from  a  itonsidtdra- 
tion  of  its  eiSSsot.in  giving  the  shock  to  any  part  of  thesanimat 
system  which  is  included,  in  the  circuit  ,  It  is  wetl  knowq^ 
that  the  foix;e  of  a  shock  increases  with  the  increased  number 
of  plates,  quite  independent  of  their  size;  it  is  therefore 
neither  the  quantity  of  light  nor  the  velocity  of  its  trans** 
mission  that  produces  the  effect,  for  both  these  are  dependant 
on  the  size  of  the  plates:   the  quantity  transmitted  must 

♦  (See- Abstract  18.)  • 
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necessarily  influence  the  velocity  of  its  transmission^  because 
a  sleader  wire  usually  forms  part  of  tbe  medium  by  which 
the  circuit  is  completed^  whatever  may  be  the  size  of  the 
plates.  As  neither  the  quantity  of  light  nor  its  velocity 
hove .  any  influence  with  regard  to  the  intensity  of  the  shock,. 
k  is  reasonable  to  conclude  that  its  transmission  is  not 
t^  cause  of  it ;  and,  consequently,  that  it  must  result  from> 
the  communieation  of  the  derangement  of  the  plates  to 
those  parts  of  the  system  which  are  included  in  the  circuit. 
The  communication  of  this  derangement  from  atom  to  atom 
through  all  intervening  bodies  whidi  form  parts  of  the  current. 
IB  an  essential  part  of  our  theory ;  and  as  we  find  the  force  o£ 
the  shock  is  increased  by  incveasing  the  number  of  plates,  we, 
may  conclude  that  the  intensity  of  their  derangement,  is  inr 
creased  by  the  same  means,  it  being  obvious  that  if  theshock: 
be  dependant  upon  the  communication  cf  derangement,  ita 
jioirce  must  be  in  proportion  to  the  intensity  of  that  derange-^ 
meat.  The  same  conclusioa  may  be  drawn  froin  the  greater/ 
esrtension  of  the  shock,  when  the  body  forms  paict  of  the  ciii'*i 
cuit  of  an  increased  number  of  [dates.  ...    .  ,< 

'135.  My  views  with  regard  to.  the  increased  intensity' 
derived  from  associated  vohaicciarcles  will  be  further  eKplatned 
by  applying  the  principles  of  my  theory  to  the  espeiriments  of 
Dr.  Faraday  on  interpositions. 

^^  The  reversal,  by  accident  or  otherwise,  of  the  plates  in 
a  battffl'y  has  an  exceedingly  injurious  efiecL  It  is.not  .mepely 
the  Gounteraction  of  the  current  which  the  reversed  ^ates^c&tt 
proditce,  but  their  efiect  also  in  retarding  even  as  iodi jbresil 
j^tes,  and  requiring  decomposition  to  be  effected  .up6n>ibeir 
siufaee,  in  accordance  with  the  course  of  the  corrent,  befiwce 
the  latter  can  pass.  They  oppose  the  current,  therefore^  ill 
the  flrst  place,  as  platina  interposed  plates  would  do ;  and 
ta  this  they  add  a  force  of  opposition  as  counter  voltaic  plates. 
I,fiotltha4;)  in  a  series  of  four  pairs  of  zinc  and  platina  plates 
in  dilute  sulphuric  acid,  if  one  pcur  be  reve3rsed,titrvery  nearly 
neutaraiizes  the  power  of  the  whole*"  (Researcfaek  il046.) 
'  W&:  I  shall  commence  the  subject  with  this  ei2i{toriment, 
because  it  id  easier  to  trace  the  cause  of  opposition  to.  the 
passage  of  the  current  from  a  pair  of  plates  reveised^'  than 
from  the  interposition  of  platina  plates  only.  When  plates 
of  ^inc  and  platina  are  brought  into  metallic  contact,,  the 
zinc  presents  a  positive  polarity  to  the  negative  polarity  oi  the 
platina  upon  the  surfaces  in  contact ;  and  upon  the  opposite, 
or  exposed  surfaces,  the  zinc  presents  a  negative  and  the 
platina  a  positive  polarity  (49).  The  polarity  thus  induced 
arises  from  the  ^fference  of  electrical  force  in.  the  two.  metals, 
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and  the  derangement  of  the'  atmospheres  of  the  atoms  of  the 
Dtelals,  which  J>r'].'1"''?^  . 'N_J"^*'"*y>  int^reases  with  .j^Re 
increase  of  this  dffl'erence.  /Inere  is  alwajs'tt  transiet''ipf 
tight  fiom-tl^e  negative  iirrtie  positive  mem  lipori  KiMti^fag 
tXe  two  n^etals  iiuo  contact:  {6'Zy,  -and  the"  force  with^  wnfcB 
the  transfer  is  made  also  inc'reases  with  the  increased  differ- 
ence of  the  electrical  forces.  'I  he  force  with  which  this 
transfer  is  made  I  have  called  the  electro-motive  force  (59)  i 
and  I  propose  to  distinguish  the  corliparatiVe  state  of  derange- 
ment arising  from  the  contact  of  difftrent  bodies  hy  the  terrfi 
ipt^rtsity.  Thus  the  intensity  of  the  polar  forces,  ■bb^Mf 
positive  and'negative,  will  rise  with  fire  increased  diHerencd 
gf  the  electrical  forces  of  the  bodies  which  produce  therii.  ■'■'■ 
",  137.  Dr.  Faraday  found  (hat  irt  a  series  of  four  pait*^ 
iinc  and  platina  platep,  if  one  pair  he  reversed,  aa  in  fi^'.'.TOy 
ft  very  nearly'neutridlzes  the  power  of  the  whole, '  ''If "^tf 

^ —  -c  jjjg  tijjgg  pairs  of  plates  which  are  .filtiMd?fff 

er,  it  willbe  evident  that  no  polar arrangrtiiin^ 

le  can  take  place,  because  the  forces  will  4ie 

in  both  directions;  in  one  of  the  cells  b^th: 

i  zinc  and  in  the  other  both  will  be  plbttiia; 

rill  be  connected,  one  pair  by  actual  contact 

and  the  other  by  the  wire  A  B,  so  as  to  produce  an  equality- 

6f  forces.     If  we  replace  one  of  the  pairs  of  zinc  and  plaliha 

"  "eii;  proper  order,  the  electrolytic  arrangement'*ill' 

a  the  first  cell,  and,  perhaps,  in  the  second;'-Btt£ 

hird,  because  the  inductive  forces  of  the  two  ifla^re' 

1(  not  have  sufficient  power  to  give  a  polarity  ttyih^ 

ir  in  a  direction  the  reverse  of  that  which  woi^b^ 

^  their  own  forces,  and  which  is  necessary  to  jtrtt^ 

an  arrangement.      It  will  be  observed  that '  the 

inductive  forces  of  the  two^airs  of  plates  must  be  condtidt^cl 

by  the  electrolyte,  and  it  is  reasonable  to  expect  that  (roir 

forces,  thus  conducted,  will  not  be  more  than  sufficient,,to^ 

counteract  the  inductive  forces  of  the  reveri.ed  pair  so^' W 

bring  thejblatea^tb  a  natural  state  (U6).  '■  '"5  '' 

I3S.     ytid^t'these  circumstances  there  will  probabt^'b^  a' 

trifling;  cuiTeilt,''with  the  usual  decomposition,  from  the  first' 

zinc  pTat0  fo'tbe  platina  of  the  second  pair  of  plates,  and  from 

the  zmc  of  this  pair,  with  decomposition  if  the  fluid  has  been 

electrolytically  arranged,  to  the  zinc  of  the  reversed  pair; 

but  as  the  polar  a.rrangement  will  cease  here,  it  must  be 

conducted  by  these  plates  and  the  by  fluid  in  the  third  cell,  as 

rnolals  and  fluids  conduct  tlie  electric  fluidunder  ordinary  cir- 

cBmstadccs.  TTiere  willj  howeyer,-be  Some  degree  of  derange-' 

ment  coiomuuicatedtorbe  fluid  inibetbirdc^-brtbe-eDdtinc 
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?)ate^  aad  the  current,  thus  impeded,  will  be  extremely  feeble. 
V'hen  a  conlinjous  current  makes  its  appearance,  it  is  a 
GufBcient  proof  of  an  electrolytic  arr^rngement,  followed  by 
chemical  action  in  some  part  of  the  circuit;  for /oca/ circuits 
produce  no  general  current.     (See  Researches  947,  996.) 

liJQ.     If  we  now  replace  the  other  pair  of  zinc  and  platina 
plates,  and  thus  resiore  the  battery. to  the  state  represented 
in  .fig.  79,  the  inductive  force  (d  the  three  pairs  of  plates  in. 
theif  proper  order  wilj  ha.ve  suificieut  power  to  c 
iiatural  forces  of  the  reversed  pair,  and  prodi 
arirangement  upon  their.  si)rfai;ep  indicated  in  the 
^sual  positive  and  uega^tiye  ^igns.     Dr.  Faradf 
one  reversed  pair  nearly  peutializes  the  otlier 
whiph.I  infer  that  a  weak  electrolytic  current  wb 
uo^er  .t'hese   circumataqoes  throughout   the   ci 
^(^ul<f^not  have  been  the  case  without  the  polar 
4?Sf;ri|»din ,  the  figure. 

J  ,^[10.    .The  negative  state  of  the  surface  of  the  pWina  o^ 
ttip  rpvprsed  pair,  presented  to  the  fluid  in  the  fourth  cell, 
IS  n9t  only  necessai'y  to  produce  an  electrolytic  arrangement^ 
b^t  it  is  also  necessary  for  the  preservation  of  this  arrangement^ 
&r  admitting  its  formation  to  be  possible  while  the  platina 
presented  a  positive,  or  even  a  neutral  surface  (137),  upon  its 
^nducting  the  current  to  the  oxygen,  the  two  sucfacesjvouW 
x«pel,eacb  other  before  the  oxygen  could  r 
9^^nlity  of  light  to  reverse  its  poles.     In 
Qifj  adhesion  of  the  positive  element  to  th 
itjis'ceoeivtng  from  it  the  current  which 
go^^  it  is  essential  that  the  surface  of  the  e! 
n>f^,  h?  Ms  natural  character,  should  preset 
<;prr'e«pan(ling  with  the  positive  state  of 
vliich  it  is  in  contact. 

,  14,1..  It  being  obvious,  then,  that  the  inductive  forces  of 
the  tpree  pairs  of  plates,  placed  in  their  proper  order,  have 
sujIGcieat  power,  when  conducted  by  the  electrolyte,  to  produce 
a  polar  arrangement  in  the  reversed  pair  in  4Lrect  opposition 
tg  Jbeir  natural  forces,  it  is  equally  evident  .that  If  this  pair 
hgd;  been  placed  in  the  same  order  as  the  otlier  three,  its 
natural  forces  would  have  received  an  increased  intensity 
from  the  operation  of  the  same  forces  conducted  by  the  same 
medium.  The  inductive  forces  of  the  £rst  and  second  pairs  of 
plates  could  only  have  been  conveyed  to  the  fourth  through  the 
medium  of  the  third,  and,  consequently,  the  third  pair  must 
have  had  its  intensity  increased  by  the  inductive  influence  of 
the  second,  the  force  of  which  waa  previously  augmented  by 
tlfe  similar  act)OPj^^e%;st.     Bu^  ^he  revereedorder  of  the' 
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fourth  pair  of  plates  would  not  only  produce  a  resistance  to 
the  progress  of  the  inductive  forces  of  the  other  three,  it 
would  also,  by,  reaction,  lessen  the  intensity  of  these  forces ; 
first  by  its  action  upon  the  third,  and  through  the  medium  of 
the  ihird  upon  the  second,  and,  in  like  manner,  upon  the  first. 
The  increased  intensity  of  the  second  and  third  pairs  of 
plates  would  upon  the  same  principle  react  upon  and  increase 
the  intensity  of  the  first ;  and  if  the  forces  were  conducted 
metallically  instead  of  electrolytically,  the  circuit  being  com- 
pleted, the  whole  series,  notwithstanding  the  reversed  order 
of  the  fourth  pair  of  plates,  would  probably  be  brought  into 
nearly  an  equal  state  of  intensity. 

142.  We  may  further  observe,  that  the  inductive  forces 
of  the  plates  being  electrolytically  conveyed  from  one  to  the 
other  in  this  arrangement,  the  electrolyte  must  have. its 
natural  forces  increased  if  they  correspond  with  the  fcrce 
which  produces  the  current,  and  reversed  if,  like  the  reverded 
plates,  its  forces  are  in  a  contrary  order,  before  th^^y  can  be 
prepared  to  communicate  these  forces.  Now  the^  natnrttl 
forces  of  the  particles  of  water  which  form  the  electrolyte  tird 
in  the  reverse  order  to  the  forces  which  give  direction  to  t}ie 
current;  and,  consequently,  these  forcJes,  like  the  forces  of 
the  reversed  plates,  must  .be  reversed  before  they  caii  become 
conductors  of  the  inductive  forces  from  one  pair  of  plates  to 
the  pair  next  in  succession. 

143.  It  is  extremely  difficult  to  describe  the  conduction  of 
the  deranging  or  inductive  force,  independently  of  the  current 
wliich  is  necessary  to  complete  it  (1 19) ;  but  the  state  of  ten- 
sion j^roduced  by  this  force  in  its  incomplete  state,  must  be 
conveyed  through  every  part-  of  the  circuit  before  the  light 
can  be  transferred  from  one  body  to  another  in  any  part  of  it, 
because  the  transfers  throughout  are  necessarily  simultaneous. 

The  full  development  of  this  subject  would  lead  us  to  some 
very  curious  and  interesting  results.  It  will  be  evident  upoti 
an  inspection  of  figure  79,  that  the  electrolytic  arrangen)ent 
there  described,  must  be  made  in  the  whole  of  the  cells  before 
the  current  can  pass ;  but  there  can  be  no  motive  for  this 
arrangement  in  the  fourth  cell  before  the  reversed  pair  of 
plates  are  brought  into  the  polar  state  in  which  they  are  re- 
presented by  the  inductive  influence  of  the  other  three.  Now, 
this  inductive  influence  can  only  be  transmitted  through  the 
medium  of  the  electrolyte,  and  the  electrolyte  itself,  previous 
to  the  reversal  of  its  polar  forces,  is  in  the  same  reverse  order 
as  the  fourth  pair  of  plates  ;  yet  it  is  found  that  the  force 
is  transmitted,  because  we  know,  from  the  eflfects  produced, 
that  an  electrolytic  arrangement  is  made  throughout  the  cir- 
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cuit.  The  inference  we  m^st  necessarily  draw  from  this,  is, 
tJbiat  the  state  of  tension  produced  by  the  propagation  of  the. 
ii\dM.ctii^e  force,  is  equivalent  in  its  results  to  what  might  be 
es^p^tad  after  its  actual  conipl^tiou;  that^infact^  it  is  trans*^ 
iQiJtt^dirop^  one  body  to  another,  previously  to  any  change  o£ 
Hvxwg^xnent  in  the  transmitting  medium^  precisely  as  if  that 
change  were  actually  made^  which  can  only  be  the  final  result. 
Thus,  although  the  electrolyte  in  the  cells  of  figure  79  must 
re-tain,  the  preseat  arr^ngemeut  until  the  current  can  pass  to 
reverse  the  polar  forces,  the  iAductive  forces  of  the  three  pairsi 
of  plates  ia  their  proper  .prder,t  produces  a  state  of  tension  (^on-* 
stantly  exerting  itself  to  give^  positive  surface  to  the  bxygeiji, 
iB^X^tact.withthe:^i^9.  and  it  negative  surface  to  the  hydro- 
g^il  (in  contact  with.  thp.  platina;  and^  although  this  state 
l^annot  he  completed  before  the  passing  of  the  current,,  the 
hyd^og^a  in  the  third  cell  acts  upon  the  zinc  of  the  reversed 
pair  (^')pl^es,  by  inducing  a  positive  state  of  tension  upon  its 
t^i|r%^  iu/opposition  to  the  force  produced  by.the  platina, 
pr^ois0ly  as  if  it  were  in  the  full  possession  of  that  negative 
&roe  which  can  only  be  the  result  of  a  general  t^ra«isfei^  of 
light  throughout  the  circuit. 

A  little  consideration  will  satisfy  us  that  the  inductive 
force  is  propagated  independently  of  the  means  necessary  to 
complete  it  (119) ;  for  induction  being  an  action  of  contiguous 
atoms  only,  it  follows,  that  its  force  upon  any  other  condition 
iQould  not  be  extended  beyond  a  single  section  of  atoms  unless 
th^  derangement  of  this  section  were  first  completed  by  the 
oeoe^ary  transfer  of  light;  whereas  we  know  numerous  u^- 
jM^bcqs  in  which  it  is  thus  transmitted  to  consid^^aol^  flis- 
jtM^e^i'    When  Van  Marum  charged  his  battery  by<  coi^pct- 
iijig  it  with  the  voltaic  pile,  the  state  of  tension  produbed  by 
the  inductive  force  of  the  pile;  was  transmitted  to  the  whole 
qi  both  its  surfaces  by  slender  wires;  and  the  transfer  of  light 
necessary  to  complete  the  derangement  was  made  from  one 
sur&ce  of  the  battery  to  the  other  through  the  medium  of 
th^  pile  as  a  conductor.      The  transfer  ii^  this  case  was 
leMvleQtly  the  consequence  of  a  state  of  tension  arising  fro;n 
the  previous  props^tion  of  the  inductive  force.     '^  In  this 
pile,  consisting  of  silver,  zinc,  and  moist  cloth,  the  silver 
being  the  lowermost  of  the  metals,  the  electricity  was  positive 
at  top,  and  the  electricity  communicated  to  the  interior  sur- 
face of  the  battery  was  the  same  the  contact  being  made  with 
the  zinc  at  the  top  of  the  pile."* 

*  Nicholson^s  Journal,  Vol.  1,  Octavo  Series,  ipage  173, 
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In  the  arrapgepa^ntJier^4^cDri)>ed>'the  current  upcHiicrivnr^ 
plating  the  circuit  inii^ti  hi^ve  te^n  from  the  silver 'toii.tM; 
zinc  (see  figure  79j| ;  l)uit  tl^is  W9uI4  have  had  a  contrpriy  ibe$i^ 
dency  to  the  efiect  ,pa:o|iux:e^  by  i^:tl;ie  silver  being  ^bQ$>a^' 
ipunication  with  the  exterior  c^d  the  zinc  with  the  inieriofiof: 
the  battery.  If,  however^,  wq  pon&iqer  <the  etiect  as  afmng: 
from  the  propagation  6i  the  inductive  forces  of  the  pile^^ithe 
result  was  what  might  have  been  expepted,  the  zinq  eKhibHr". 
ing  its  positive  surface  M  the  top  of  the jpUe.aiid  the  $ilir«rji|» 
neffative surface  at  th^  bottom..,  .  ,\    .       '       .'  .. 

Wh^  a  spiral  form  is  g^ven.to,  the  pplar  surfaces  of  «ik  wire^ 
uji^r,  thp  influence  of  ^  galvaj^ij?^,  prr«agem^;it,  to  enable  it^  I/a- 

become  a  conductor,  the in4u9t^v^,a^7ftx;gement  must  beiiiaAd^' 
tproughout  the  wire  previously  t^th^^t^ansierof  asing)ii^ati0iv(t 

cf  light ;  .for  the  instant  that  Bn/;aipfli  9ftliis>fluid  is  ^o^ivbdB 
at  one  jbnd  of  the.  wire  ^  atom  nft^s^t  bo  del^y^ed  at  tl^ioftf^rb 
sitephd  (68);  to  effec^twjuqh^therjej^wst  be  a.  current  th 
itsrwly))e  JeingjhiwhichfM^wJ  require  a  conneated  i«Tft^g^#i<*ftfeftp 

,Xb^  .^V^^  jin^uctive  preparation  is  required  for^thle  tfiiWff^ 
missiqn.of  the  light  of  the  sun  or  light  from  any  <^thiQi;^H^P9fu 
un4er  similar  circumstances  of  derangement ,  as  for  eie<?irf<^ 
light;  and  it  is  even  doubtiul  whether  under  any  circum^ta^i^ofis 
the  media  by  which  light  is  transmitted  are  in  a  proper  j^t^e 
for  this  purpose  without  some  such  preparation.  : .  y.:; 

144.     It  app^^rs?,  then,  that  bodies  in  a  voltaic  cirQt^t  ^nf^d. 
and  react  upon, ^ach.  other  so  as  to  control  the  natural  fm^^^ 
of  th^4^6ererit  bodies  and  produce  an  electro-motivi^uiS^ijgfic 
upQ^  eapli  s^ri(i^ce  throughout  the  circuit  in  the  same  Qi$9(i^t(^(09J' 
I^  ^or.  ^n^lar^ce,  the  natural  electro-motive  force  of  zip^Qjj^ 
ojcy;geja  b^e  five,  and  the  natural  force  of  hydrogen  to  p^ygto^ 
six^  .these  forces  are  controlled  in  such  a  maimer  by  theandif^ 
tive  forces  of  the  platina  and  the  other  bodies  in  \h»  i\^^kik 
with  which  they  are  associated,  that  the  natui*al  f^cesf,  iii^d 
with  them  the  natural  affinities  of  the  bodies,  becomfi  r^Y'^rj&edtj  : 
the  electrc\*ii^9Jt;iye.force  of  the  surface  of  the  zii)€>  ii^  co^0- 
quence  of  tl^e,nieg^tive  state  induced  upon  it,  beco4;Qe^^iNltod»i 

say  to.sii^3^,ftp4r,W^  electro-motive  force  of  the  hydrpg^aj^t  bii: 
coasequence  01  ]a,l6ss  negative  state  being  induced  upo^rith^j: 
surface.it  J«:,psents  to  the  oxygen,  reduced,  say  to  five,.  Wving  : 
a  balance  ,in  favour  of  a  current  in  a  direction  the  reverse:  of 
that  which  would  be  produced  by  the  independent  action  6i  - 
their  natural  forces  (See  fig*  79).  Again,  the  natural  ejectpo* 
motive  force  in  the  reversed  pair  of  plates  is  from  the  plalina 

*  'See  a  paper  0&  the  c^iiutfealioti  of  Magiietism  &c.  Annals, 
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i&'^Aie  tine ;  but  the  induced'toce,  tn  consequence  of  tne. 
p^filtaiia' presenting  a  positive  surfat^e  to  ^d  negative  surface  of 
th^^tixxc^  is  from  the  itine  toilie  3)latitia  (131  J;  the  current, 
-tl^^r^tfore,  is  not  opposed  by  aiiy  actual  resistance  from  bodies 
tlftii'iiiterposedj  but  they  lessen  thfe  efectro-motive  force  of 
e^6ty  ^ih^r  body  in  the  circuit  by  their  reaction. 

^  145.     The  opposition'to  the  current  will  be  of  ptecii^ely  the 
sahi^  character  as  in  the  reversed  plalfes  in  fig.  79,  if  the 
\riite'  A-  B  be   broken,  and  a  fluid'  interposed  between  the 
points  A  and  B,   with  its  elements  in  the  reversed  ordeir 
e^k*niM  to  eler.trolytio  action:  '  In  botli  cases  tlie  loss  of 
f6rce  in  the  current  w9! '  proceed  from  the  reaction  6f  thfe] 
etements  in  the  reverse  oWtef/tipbn  tliose  which  are  placed  in 
ttohf* natural  otAet,  &^' iS^Hhi^aitdy  podtrve  and  negative y 
abd^ih*  Amount  of  thk  fo^i'Vfll  ihcresise  with  the  increased' 
diff^flWiee  of  electrical' fdrcfetri'thfe  elements  reversed  (114). 

rfi46i'i'Nbw,   undfer  ' th^se  ^circumstances,    it   Becomes   a' 
qfi€^t*6fe,  whether  the  ^itantitj^'  6f  light  transferred   by  the 
cu**Ml  from   one  surface  to'*the  other,   will  be  the  saiie 
tbrdughoUt  the  circuit?     It  appears  tliat  each  boijy  ha^  aTi' 
iid^^ndent  electro-motive  force,  compounded  of  its  naturJal'. 
im^'^,  arid  the  inductive  forces  of  the  bodies  with  Which  it 
i^'^niiected;  and  we  know  from  other  experiments,  that 
the  quantity  of  light  transferred  depends  upon  the  relative 
sffilfe  of  the  two  surlaces  in  contact  (136).  WheriVfor  instance, 
g^ilvanic^ -circles  are  fontied  with  plates  6f  platiha  Arid  zinc, 
add^^^ith  plates  of  tin  and  lead,  the  transfer  of  light  between 
the^^lates,  and,  consequently,  the  general  current';  ib'thi|cl|/ 
g^aP^i*  iii  the  former  than  in  the  latter.     If,  then, 'thVtiii' 
afiJd^ad  plates  wefe  placed  in  a  battery  with  the  planria^aiid^ 
zm^,''filt4K)Ugh  the  electro-motive  forces  of  the  former  Would 
b^^^talted  at  the  expense  of  the  latter,  would  the  transfer  of 
light  be  the  same  between  surfaces,  the  natural  electrical 
foi»«*es'Of  ^¥hich  are  so  very  different  ?  ' 

'147:-  If  this  question  should  be  answered  in  <he  aflSrma- 
ti^e;'»nd  I  am  undecided  upon  the  point  myself,  the  equality  of 
th^  tiraiififer  must  arise  from  the  increased  pblat'iritehsity  of 
thtft  tih  aAd  lead  and  the  decreased  polar  irit^'nSty  of  the 
plalina  andzinc,  in  consequence  of  their  beifi^  associated  in 
the  same  circuit  i  and  it  will  be  no  proof  that  tiieir  natural 
p^lai^forcies  are  equal.  So,  if  water  be  decomfiOsed  hi  one 
part  rf  a  circuit,  and  a  different  electrolyte  in  another,  the 
decomposition  of  an  equal  hrnnberdf  particles  of  the  two 
electrolytes-will  benqj^prf  that-th^^,^  fofces 

are  equal ;  it  willohry  snow  thatLtbay  jbave' ^ccfti  brought  i& 
this  state  of  equality  by  their  inductive  action  upon  each  other. 
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148.  If  a  negative  answer  to  the  question  should  be 
thought  more  reasonable  (143),  the  transfer  of  light  tietween 
every  two  sur&cea  in  contact,  throughout  the  circuit,  mtist  be 
regulated  by  the  actual  state  of  their  surfaces  under  thecit* 
cumstances,  and  subjected  to  the  various  forces  to  whidi  they 
are  exposed ;  and  the  equality  of  the  number  of  particles  of 
dilFerent  electrolytes  decomposed  in  the  same  circuit,  will 
still  be  no  proof  that  their  natural  polar  forces  have  equal 
intensities. 

149.  No  part  of  Dr.  Faraday's  experimental  investigations 
have  appeared  at  variance  with  my  theory,  or  juresented  any 
other  difficulties  than  those  of  mere  detail,  with  the  exception 
of  those  by  which  he  has  endeavoured  to  establish  the  doctrine 
of  the  definite  chemical  action  of  electricity ;  and,  apparently, 
with  so  much  success.  My  theory  supposes  that  the  pdlar 
forces  by  which  atoms  are  cohesively  united  into  particlets.and 
particles  into,  masses,  are  produced  by  the  difference  of  the 
electrical  forces  of  the  surfaces  of  these  bodies  when  in  eontact ; 
and  that  the  intensity  of  these  forces  increases  with  the 
increased  difference  in  the  electrical  state  of  the  bodies  which 
are  thus  brought  into  action  (136).  It  necessarily  follows, 
that  a  transfer  of  a  greater  quantity  of  light  will  be  required 
to  reverse  the  poles  of  atoms,  the  polar  forces  of  which  have 
been  produced  by  the  action  of  surfaces  varying  greatly  from 
each  other  in  their  electrical  states,  than  to  reverse  the  poles 
of  atoms  formed  by  surfaces  which  in  this  respect  nmch  iwHre 
nearly  approach  to  each  other.  The  difference,  therefbre, 
between  my  theoretical  views,  and  the  inferences  which  may 
be  fairly  dr^iwn  from  Dr.  Faraday's  experiments,  involves,  a 
general  principle  of  considerable  importance. 

150.  The  conclusion  to  which  Dr.  Faraday  appears  to 
have  been  led  by  these  experiments,  that  a  definite  portion  of 
the  electric  current  is  required  to  effect  the  same  object  upon 
an  equal  number  of  the  atoms  of  bodies  indiscriminately, 
(Researches  806),  is  altogether  at  variance  with  his  more 
general  views.  He  says,  '^from  the  period  when  electro- 
chemical decomposition  was  first  effected  to  the  present  time, 
it  has  been  a  remark,  that  those  elements  which,  in  the 
ordinary  phenomena  of  chemical  affinity,  were  the  most 
directly  opposed  to  each  other,  and  combined  with  the  greatest 
attractive  force,  were  those  which  were  the  most  readily 
evolved  at  the  opposite  extremities  of  the  decomposing  bo^es 
(Researches  669).  ^^  The  various  oxides,  chlorides,  iodides, 
and  salts  which  I  have  shown  are  decomposable  by  the  electric 
current  when  in  the  liquid  state,  under  the  same  general  law 
with  water,  illustrate  in  an  equally  striking  manni^  the  activity ^ 
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in  sudh  decompositioas  of  elements  directly  eind  powerfully 
opposed  to  each  other  by  their  chemicaL  relations  (Reseaarcheft^ 
672),"  **0n  the  other  haad  bodies  dependent  on.  weak, 
affinities  yery  rarely  give  way  (Reaear^ohes  673).'*  "  Ttm 
identity  of  the  force  constituiing  the  voltaic "eurrent  or  elec- 
tirolytic  ctgent,  with  that  which  holds  the  elements  of  electro-y 
lytes  together,  or  in  other  words  with  diemioal  affinity, 
seemed  to  indicate  that  the  electricity  of  the  pile  itself  was 
merely  a  mode  of  exertion,  or  exhibition,  or  existence  of  true 
chemical  uctioji^  or  rather  of  its  cause  (Researches  877)," 

15il.  Now,  if  the  elements  of  bodies  be  held  together  by 
tile  same  agent  which  conatitutea  the  voltaic  current,  ^'  wha* 
ther  it  consist  of  a  fluid  oor  fluids,  or  of  vibrations  of  an  ether» 
or  any  other  kind  or  coiSKdition  of  matter  (Researches  994),'* 
and  il  equal  quantities  of  this  agent  be  interposed  between 
the  atoms  of  all  bodies,  how  is  it  that  they  are  heid  together 
by  stMih  very  different  forces  ?  In  what  manner  ^ure  the, 
elemtots  of  bodies  more  opposed  to  each  other  in  one  case. 
tlian  iin  another ;  and  in  what  consists  the  diflnrent^  .between 
powerful  and  weak  affinities  ?  Again,  if  this  agent  >  be  ^disn 
tributed  in  equal  quantities  in  bodies  generally,  how  is  it  that 
bodies  the  elements  of  which  combine  with  the  greateat 
attractive  force  are  the  most  ready  to  bring  it  into  action  ? 
If  it  should  be  said,  in  answer  to  these  questions,  that  the 
electrolytic  agent  has  less  attraction  for  the  elements  of  some 
bodies  than  for  the  elements  of  others,  and,  consequently,  that 
gnch  elements  have  less  affinity  for  each  other ;  i^,  may  be 
9sked,  how  is  it  that  with  less  attraction,  it  combines  in  equal 
quantities  and  exhibits  greater  reluctance  to  a  sepitratioa  i    . 

It  appears  to  me,  then,  that  we  ean  only  reconcile  tjheae 
discrepancies  upon  some  such  principles  as  those  I  have 
here  advanced ;  which  at  the  same  time  that  they  bring  Dr^ 
Faraday's  experiments  and  general  views  into  aocordanca 
with  eadi  other,  remove  every  difficulty  which  the  former 
previously  presented  to  the  application  of  my  own  theory. 

f  To  be  continued,  J 

7CLVIII.  On  the  supposed  influence  which  the  roughness 
and  polish  of  surfaces  exercise  over  the  emissive  power 
of.  the  bodies.     By  M.  Melloni,* 

When  we  measure  the  intensity  of  the  calorific  radiation 
which  proceeds  from  the  two  sides  of  a  metal  vase,  filled  with 

^  From  the  Compte  Rendu  Hebdomadair  des  Seances  de  I'Acaio 
d^mie  des  Sciences^  August  6>  18^  Tmnalated  by  Mr.  h  U^  I^Uilgr 
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boiling  water,  having  one  of  its  longitudinal  halves  bright  and 
w'ell  polisheil,  the  other  polished  first  and  then  scratched ^tl\ 
winery,  a  graver,  or  litne,  we  find  the  quantity  of  heat  giv6tf 
out  by  the  unpolished  or  scratched  surface,  is  always  more 
than  that  of  the  bright  surface :  these  variations  somefitnijs 
exceed  the  proportion  of  two  lo  one.  Hence,  it  follows' that 
the  augmentation  bbsefved  proceeds  from  the  inequalities 
themselves  impressed  on  thd  side  df  fhfe  recipient,  and,  con- 
sequently, that  the  Superficial  aspetjtifes  of  the  bodies  ifaVef*the 
prbperty  bi  facilitating  Xh€  esckpd'df  th6  heat  they'c6iitttiD. 
I  am  about  to  have  the  honour  of  communicating  f b  the 
A^^emy,'  ah  extract  df  it  series  bf  VeTseriTCl^s  frdm  wbic^Hit 
apjiearS^  to  me  evident  that  this  pWpdsHioti  is  quite  ert'on^dus}^ 
s6  that  if  the  nature  of  the '  sUpferficiid^l  beds  contributes V6iy 
certaiftly  to  vary  the  quantity  of  heat'  emitted  by  a  hbt'ttfeSy, 
the  state'  of  the  surfacie  hft*  no  part ' Sii  the  produetibtf cjp  *ihe 
ph^ndmetidii;  In  the  flns't  pilace  i  itiustcidtifess  that,'  trtitWith- 
sttoditfj^Wife  authority  of  grieat  names,  I  have  alwa^ysHfifcteght 
iSi^!iiif^ritk  of  the  polish  over  the  calorific  femisifdtf'Wry 
dbttbrfiil.  ''It  is  said,  thfe '  interior  heat  experiences  tti^feine 
jjetidh'  bif'stirface  in  quitting  the  body  as  it  undergibesiin 
penetrating  it,  as  regard.^  radiation ;  be  it  so :  but  why  thfese 
small  reflecting  facets  which  are  produced  by  scraf  chmg*  the 
plate,  ought  they  to  reflect  interiorly  less  heat  than  the  poHsfisd 
SMTfAce  of  a  Single  piece  9  Take  a  recipient  of  yellow  co{ij>fer, 
having  W6  polished  faces,  slightly  tarnished  by  exposrife  to 
the  air;  on.  one  of  these  faces  make  a  series  oi  pkrilSA 
8i6Wi,ttehe^  With  a  graver,  the  traces  thus  produced  will  certkimy 
b«  m^fe  brilliant  than  the  rest  of  the  vase:  and,  ti6twitli- 
firffetAdirig',  the  surface  furrowed  by  the  graver  will  feniit  nibre 
beJat'  thaii  the  smooth  surface.  It  is  nearly  two  years  since  I 
tbok  i  part  in  this  objection  and  some  other  experitnents?  of 
the  sanae  kind,  by  M.  M .  Bache,  Henry,  and  Ldcke,  Very 
distinguished  philosophical  professors  of  the  United  States, 
who  were  iheti  at  Paris.  Now,  that  the  question  appe(ai%  td 
me  very  decided,  I  lay  aside  indirect  objections,  and  {iiss 
immediately  td  the  explanation  of  the  results  which  lead 
directly  fo  tile  proof  of  the  fact  I  have  advanced, 

I  took  a  cubic  vessel  of  copper,  whose  four  side  facei  \<r6re 
very  ifeti-afghtS*  on  their  exterior  angles  and  bottom  edges  I 
had  small  spring  grooves  soldered  so  as  to  be  able  to  kefep 
plattes  of  two  or  three  lignes  thick  close  against  the  vessel: 
then  paving  procured  two  pair  of  plates,  one  of  jet  and  the 
other  of  ivory,  I  applied  them  to  the  four  sides.  Each  pair 
was  composed  of  plates  perfectly  equal  in  6very  things  except 
the  'state  of  the  exterior  stirf^ce^  of  which  one  was  very  amootii 
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andbright,  the  other  unpolished  and  scratched  wilh  emery, 
iJypwfsuririg  exactly  vith  the  t^eruw^multiplier,  the  quan* 
tjt^' of.  ■heal  emitted  byrtKe,  Uva-iudi$lied  faces,  vheu  the 
^ecimeoiwa^lullof  hot water,,and£Oinpariag^hem  with  those 
whi^u  .pi'("^^^  ftora  the  corcesponding  rough  ones,  1  could 
only  perceive  a  difference  ol'oije  or  two  oentiemcB,  and  gorae- 
times  on  ope  side.  SDjnet'TOpa  on  thcother:  the  meaa  of 
t^i^nly,  pbservations  gave  s  vai^iatioii  which  scarcely  amounted 
to,  sofciei  raijliemes,  and  which  .was,  consequently,  too  insig- 
a.ific^t^  to  notice.  I 

, ,  ti^  ohjectiou  to  thi«,e](pe];|pient  it  might  be  said  tbi^U 
no(>vithstandtng   the    Rvec*)utJQHS ■  taken   to    establish    .llj^" 
qpijt^et  between  the.,  pfat^aftod.tbe. vessel,  we  copld  not .  ijig 
c^l_^m,tiiat  the  tw»plates.iioiujgosing.eachof  the  pair^. subi 
jeiiiie^,tj9, pr9of,  possessed. the  .s^metepjper^ti 
lhifi,9Jae9iifin,,[  had  acubicijecipiejvt.,  cut  out) 
of  iniw,k>|ej, whose  sideq,  reduced  to  a  perfectly  i 
w,e^^dlfi'er?ntly  wrought  on  their  exteriorsurlat 
amootlt,  and  brilliant ;  the<  second  similarly  si 
and.iinpolished;  the  third  scratched  in  one  si 
and  >thc  fourth  in  two  perpendicular  directioi 
iilkd  with  hot  water  emitted  from  the  four  sides  the  sama 
quantity  of  radiating  heat. 

JHence,  it  appears  that  the  more  or  less  irregiUan  state  of 
t}^,,^i;race  has  no  influence  over  the  emissive  po;iffirr when 
tD^T^diaring  body  is  not  of  a  metallic  nature,         ,.,   .  ,  ,, 

i,  itROvbred  with  smoke  black  one  of  the  faces  of'  my  m^^^. 
v4f^,.,as,well  as  one  of  the  plates  of  each  pair  emplojf^dw.th^ 
preceding  experiment.  By  fixing  on  100  to  repinesiijnti.tbcb 
efn^ssive, power  of  smoke  black,  I  could  easily  determine,, by.; 
mipce^ive  comparisons,  the  proportional  numbers  which 
represent  the  emissive  powers  of  ivory,  jet,  and  marble:  all 
three ,  were  found  comprised  between  93  and  98.  May  w^ 
Qot^s^y^that  if  in  the  substances  we  have  just, employed  the 
inflifence  of  the  want  of  polish  is  nothing,  it  is^.be^^ftu^e  their 
e^nJ^fiy^. power  is  at  the  limit  of  the  mas^im^n^ i where  ,aa 
augmentation  could  scarcely  take  place,  becai^e,|t;i^^.^D|iis3ivfl 
surf^ceno  longer  makes  any  hindrance  to  the  f scape  of  .tfie 
hjeat;  whilst,  in  the  metals,  very  far  from  this  limit,  the.^ltefa- 
tion  of  the  state  of  the  surface  must  necessarily  exiercise  all  ita 
influence,  and  render  it  sensible  by  a  great  variation  in  the 
quantity  of  heat  emitted. 

Although  this  reasoning  be  founded  on  a  pure  hypothesis^ 
viz.,  that  the  blackofsmmce.  offers  no  resistance  to  the  ^atUa-r, 
tionofthesj)rXace.:"a^:ti>atj.^^  ^mifsi?evB&!*wBoi 

the  tl^e  siibstances employ eoBe,  on  the  diie  hand,  far  enough 
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firom  ICO  to  admit  of  the  variations  produced  being appredbt^d^ 
and  on  the  other  so  energetic,  that  the  least  proportion  of  a 
change  happening  in  their  values  would  make  them  pass  o^c 
the  whole  distance,  which  separates  them  from  this  auml^'er ; 
however,  we  will  abandon  the  non-metallic  substances  for  .the 
present,  and  endeavour  to  resolve  the  question  with  the  bo^s 
themselves  from  which  it  takes  its  point  of  departure.    . 

Copper,  zinc,  pewter,  and  tin,  which  to  my  knowkdgei'  ave 
the  only  metals  hitherto  employed  in  the  erperiment.  des« 
cf  ibed  in  the  beginning,  being  exposed  to  the  action  of  >the 
air  were  quickly  coverea  with  a  light  coat  of  invisible  oxide, 
the  presence  of  which  is,  however^  deduced  in  a  very  plaasiUe 
manner  from  certain  electrical  phenomena.  But,  we  knowy 
the  emissive  pow«r  is  much  greater  fov  oxide  than  for  mei»b« 
Hence,  it  might  be  that  the  rough  Surface,  presenting  more' 
points  of  contact  to  the  air,  is  more  perfectly  oxidised  \3dxsl 
the  smooth  one,  and  thus  its  radiating  power  would  be 
inctefitsed  by  the  single  £aict  of  oxidation,  without  thasmore^or 
less  regular  artungemait  of  tiie  supeidcial  points  tdking  any 
direct  pait  in  it. 

In  bfder  to  see  if  this  explamation  be  supportable,  we  have 
only40'6perate  On  gold  and  platinum,  this  also  Ihave-done; 
but  the  scratched  gold  and  platina  plates  have  always  a  QUiph 
more  abundant  calorific  emission  than  the  polished  ones  of 
either  metai.  « 

Osidation,  as  well  as  the  influence  of.  the  polish  in  iHUit- 
metallic  substances,  being  discarded,  what  is  the  aUex^ion 
peculiaa»  to  metals  which  in  these  bodies  might  aeeoiapaiKy 
the  nlore  or  less  extensive  overthrow  of.  the  superficial,  bed  ? 

No  other,  in  my  opinion,  than  a  change  of  hardness  or  den* 
sity.     In  fact,  jet,  ivory,  and  marble,  are  substances  almUBt 
etititely  without  compressibility,  or  at  least  they  do  i^t  ftosa^ss 
in  a  sensible  manner  the  property  of  retaining,  in  a  stdiltf 
Ihanner,  themodiiications  of  density  andhardiiess  which  niigiKiE 
be  imprinted  on  them  by  the  action  of  a  medianiii  forcft^: 
they  form  themselves  into  flakes  without  being  •snbmijIdtBd' to 
any  pressure;      Metals,  on  the  contrary,  are  compressibia 
and  the  ordinary  plates  found  in  commerce  are  obtained,  as. 
is  known,  by  subjecting  the  metallic  matter  to  extrenie  pres* 
sure>  by  means  of  the  hammer  and  flattnen     Experience 
proves  that  these  plates  as  well  as  wires,  are,  in  specific 
weight  and  hardness,  superior  to  those  of  cast  metal.     Does 
any  one  say  that  this  augmentation  of  hardness  and  density 
is  uniformly  distributed  over  all  points  of  the  mass  ?     Is  it- 
not,  on  the  contrary,  more  probable  that  during  the  operation 
of  flattening,  the  surfaoe-has  a  greater  pressure  and  condensa- 
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tion  th»n  any  other  part,  ai^d  the  plate  lei^alting  from  it  is  ia 
fsct)  sunroaoded  by  a  kind  df  drust  of  a  greater  hardness  and 
density  than  those  of  the  interior  beds  ? 

That  settled,  it  is  evide&t  that  by  scratching  the  surface  of 
thi^ 'plate  we  shall  discover  less  dense  or  softer  parts.  But 
leoki«ig  at  the  tables  which  reparesent  the  emissive  powers  of 
bodies,  we  easily  perceiv«  that  these  powers  follow  generally 
aai  inverse  propc^oB  to  ihe  densities.  Let  us  admit,  by 
anealogiy^that'the  same  iaWiSf  observed  on  the  different  states 
ofidotdensation  of  theisaipes^bstamce,  and  we  shall  conclade 
frmn-it  that  by  cutting  fmiq^^s^on  the  surface  of  the  plate  we 
^itould  obtain  an  augmenUjtion  of  radiating  power.  We  may. 
add  that  the  parts  which  cCfinpose  the  superficial  bed  being 
dideftgaged  by  the  subdivision^  their  mutual' contrast  ought 
toiestendtli^iiselves,  and  thus  acquire,  by  the  diminution  of 
desiiity,  an  emissive  ppwer  a{^roachiQg  nearer  that  of  the 
mdrel 'tender,  beds  of  titeiinterior. 

'  This  n  being  the  case^  it  should  follow.  Firsts,  That  « 
pptishedi  metallic  plate  radiates  a  greater  quantity  of  lieatia 
proportion  as  the  density  or  hardness  of  its  superficial  beds  iGi 
less.^  i  Seamd.  That  in  this  ease  of  less  density  or  hardufe^^ 
the  angmenlBtion  of  radiating  faculty  producea  bythew:ent 
of  polish,  will  be  inferior  to  what  we  obtain  when  the  plate 
ij^'more  dense  or  more  hard  beaten. 

It  is  almost  useless  to  add,  that  in  order  to  varify  these 
theoteticai  consequences  it  is  not  necessary  to  employ  an 
axidsble  metal  at  a  low  temperature:  for  a  plate  constructed 
wrth^faese  sorts  of  metals  has  a  tendency  to  increase  its  emisr 
siv6  power,  which  continually  vari^  with  the  state  of  the 
superrftedal  beds,  and  so  much  the  more  as  these  beds  tire 
sd^er  and  more  divided. 

,  A  :9tvong  percussion  and  a  slow  passage  to  the  solid  state, 
afb^6i»ioQ,  axe  the  two  means  by  which  we  may  impress  on 
m^lbaUicisubstances  greater  or  less  variations  of  density.  I 
hadnikie  of  pure  silver,  two  plates  well  beaten  with  the  ham* 
m^r|  >atidi  two  cast,  and  very  slowly  cooled  in  their  sand  moulds: 
with  them  I  formed  a  hollow  rectangular  prism^  to  which  I 
added  a  metallic  bottom :  all  these  pieces  were  joined  with 
sofr  spider,  so  as  not  to  alter  their  densities  or  tempers  during 
the  operation.  At  the  time  of  the  union  the  four  lateral  faces 
were  perfectly  polished  with  pumice  stone  and  coal  dust, 
without  th6  aid  of  the  hammer  or  burnisher.  We  then  took 
some  coarse  emery  paper,  and  rubbed  one  of  the  cast  and  one 
of  the  forged  plates  with  it  in  one  direction  very  hard :  the 
images  of  objects,  which  appeared  very  clear  and  intense  on 
the  faces  to  which  we  had  left  the  beautiful  polish,  were  com- 
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pletely  effaced  on  those  we  had  rubbed,  which  became  dull 
and  lull  of  channels.  The  silver  vessel  ihuj  prepared  was 
filled  with  hot  water.  Tha  four  lateral  iaces  successively 
turned  against  the  opening  of  my  thernio-electiic  apparatus, 
produced  the  following  deviations  on  the  galvanometer:' 

10^  for  thf*  forged  and  polished  plate.      13°,7  for  the  cast  aud  polished  ]>Ute. 
38** scratched 1  r,3   scratched  .... 

Comparing  the  four  radiations,  we  perceive.  First,  That  in 
the  cast?  of  the  polish,  the  east  metal  gtv«s  nearly  one-tiiird 
roore  than  the  forged,  whi<ih  shows  the  influence  of  the  l^s 
density.  Second.  Ihat  the  effect  of  tjie  channels  on  the  two 
sorts  of  plates  differs  not  only  in  intensity,  as  we  have  bcrfbre 
seen  it,  but  in  consttuction ;  for  if  the  radiating  power  of  forged 
silver  receives  an  augmentation  of  three-fourths  by  the  action 
of  the  emery,  that  of  the  cast  silver,  on  the  contrary,  experi- 
ences a  loss  of  nearly  one-fifth. 

This  unexpected  fact,  "which  proves  in  an  undeniable 
manner  the  truth  of  our  fundamental  proposition,  is  pei'fectly 
explained  ia  the  theory  we  have  j^ist  developed;  flop  .the 
pressure  of  a  hard  body,  auch  as  emery,  on  the  soft  surface  of 
cast  silver,  slightly  compresses  and  condenses  the^parts  rubbed, 
and  renders  the  bottom  of  the  effected  channels  oa  ob^  of 
the  plates  harder  than  the  entire  surface  of  the  corresponding 
plate.  . 

I  regret  not  having  been  able  to  operate  similarly  on.g{Q]4 
and  platina  vessels,  where  these  manifestations  would,  i^  ^U 
probability /be  reproduced  on  a  more  extensive  scale  ^  on  ^cQpupt 
of  the  great  variations  of  density  which  might  be  iippreis^ 
on  these  two  metals  by  fusion  and  percussion.  . ,  *    . , 

Returning  now  to  the  first  observations  of  Leslie,  wje-we 
that  the  different  metallic  plates,  which  he  submitted  to  proof, 
constantly  gave  him  a  greater  emissive  power,  whei»  grough 
and  irregular,  than  when  smooth  and  polished.  Aft^er  -Ibdl, 
nothing  appeared  more  natural  than  to  admit  in  the»t>h^w»- 
mena  of  calorific  emission,  besides  the  influence  dependiint  on 
the  quality  of  ;the  superficial  beds,  a  particular  inAueii^  (due 
to  their  degree  of  polish,  at  least  for  metals:  this.swasr«^ 
the  conclusion  drawn  from  the  facts  observed  by  Leslie^  aad 
J^et,  this  conclusion  so  simple  and  direct  in  a{^earance>  ima 
not  permitted. 

This  is  an  example  which  might  serve,  in  need,  to  moderate 
the  unfortunate  facility  with  which  certain  experimenters  hastea 
to  make  into  general  laws,  the  consequences  resulting  from 
their  first  observations.  It  often  sufiSces  to  take  an  instrument 
in  hand,  and  employ,  it  in  some  research  to  fall  on  a  new  iact; 
but  in  pursuing  the  work  with  assiduity,  varying  the  expari- 
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menl^aji ..  methcwis,  and  analyzing  the  phenomenon  under 
'xliffeirent  aspects,  we  almost  always  fenish  by  perceiving  that 
the  novelty  was  only  apparent,  aud  the  real  explanation  is 
foi^ndi  among  the  truths  already  classed  in  the  science,  or,  if 
'  iri  the  end  there  really  comes  a  new  truth  from  it,  it  is  almost 
always  contrary  to  those  supposed  general  laws  which  were 
at  first  presented  to  our  mind,  in  so  clear  and  decisive  a 
mjaUji^r. 

'%\A%:     Description  of  dh  Blectricial   Unit  Jar.      By 
Charles  Griffin,  fisQ.j?w' a  fe^^eribWiLu^^ 

•  -     -.      Jl  > .'  1  1.     '  J  ;  I     .  1     : '  ' '    »   '  . '  <  ■   '      »• 

'•      ^'DearSir,    '-  -  ""'''''  •" "   ■•■  -  - '^     •    '      ' 

Two  dr  three  ye«^S'^irifcfe  r  ih'^ented  a  piece  of  apparatus 
yhich  J  named  an  electrometer  of  absolute  quantities,  and  in- 
^:^erted1aMaescriptfon  of  it  in  the  Mechanic's  Miagazine  of  the 
3ddf  Jikrie,  1837. 

;     Whfen  I  came  to  town  last  July,  I  -deposited  fiitotrgh  "model 

"I  h^fcytne,  at  the  Adelaide  Gallel^  of  Practical  Srierhee,  «t|d 

Messrs.  Bradley  and  Hook  on  testing  its  action  were  jdeased 

to  eitpress  a  favourable  opinion  of  its  accuracy  and  j)robaMe 

useMness.  ■  -    ■ 

Its  value,  as  a  meter,  is  founded  on  the  fact  that  almost  ex- 
ac^fly'the  same  quantity  of  electricity  pdsses  fr6rfl  th&iooating 
^<tf  %}  jair  as  is  communicated  to  its  lining,  and  vice  ver$^*  I 
;h«^€}  ^iiice  (by  the  merest  accident)  found  that  tl^ -same  £ft$t 
'wa8,''ibtir  or  five  yea^^s  ago,  made  the  foundation '  of  ia  neariy 
similar  instrument  by  Mr.  Snow  Harris,*  the  material  difibr- 
^^ttc^^being  (I  believe)  that  he  applied  his  instrument  td' the 
.measurement  of  very  minute  portions  of  electricity  of  low  in- 
tjetl6i4;y  while  I  was  thinking  only  of  consid^able  accumnla- 
ttiohs  idsiJi  high  intensities  which  it  will  be  evident,  required 
^^t^i<}i^]^eDt  arrangements. 

no  M^^eifiaimng  so  long  ignorant  of  Mr.  Hatris's.  invention, 
md'Messrs*  Br^ley  and  Hook  even  not  a^ptoaring  to  have 
(bten^^Kwapetrf  its  existence  by  their  not  meoticun^g!  it3  simi- 
ftiDity>ttMdine^  furnishes  very  strong  evidende  o£:lhe  absdlute 
ioece^Bity  of  sQch  a  work  as  your  Annals  for;  ;th«>  Meady  ad- 
vancement of  our  beautiful  and  most  useful  scie^ety  imd  rraay, 
jAfinchapsTy  be  a  3aificientexcu$e  for  my  requestii^  the  publica- 
.iion  of  a  description  of  my  instrument^  with  some  observations 

^  -        .  -.  . 

*  A  description  of  Mr*  Harries  Unit*  Jar  will  appear  in  our  next 
nuxnber.    Edit.  -  ..  ,  ^   -. 

Vot.  ni.--::No.  16.,/«Pit*<w^,^1889t{^:ci  /    .     :.Y-.>.  ^  ^    .^  . 
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intended  to  make  it  more  generally  useful^  particularly  wlien 
applied  to  batteries  highly  charged. 

A  sketch,  Plate  XI,  fig.  2,  of  the  model  (such  as  it  is)  de*- 
posited  in  the  gallery  may  serve  to  illustrate. 

A,  is  the  meter  jar.  B.  an  eau  de  Cologne  bottle,  air  tight, 
C  D,  a  metallic  sole  to  receive  the  bottoms  of  A  and  B,  and 
fastened  to  E  F.  E  F,  a  platform  to  keep  all  steady,  a  a, 
a  metallic  communication  from  the  meter  jar  to  the  ball  b. 
b,  the  knob  of  the  jar.  c,  is  the  knob  receiving  the  discharge 
of  the  meter  and  communicating  by  the  brass  tube  e  through 
the  bottom  of  the  bottle  with  the  metallic  sole  tod  the  coating 
of  the  jar.  d  d  are  two  removable  metallic  forks  on  whiioh  is 
Isdd  the  charging  jar,  when  one  only  is  used,  as  the  readiest 
mode  of  insulation,  f^  is  a  wire  going  to.  the  earth  to  ensure 
perfect  freedom  of  motion  for  the  fluid. 

A  jar  with  two  neck$  would,  perhaps,  be  better  and  be  nkore 
simple :  one  neck  to  communicate  with  the  prime  condciolpr 
and  the  other  to  receive  the  tube  containing  the  dischacgivg 
knobs.  ii 

In  using  this  instrumBUt  the  battery  must  be  insulated  »nd 
one  coating  placed  in  communication  with  the  prime  cosiduc- 
tor  and  the  other  with  the  lining  of  the  met^  jar  whose  coat- 
ing communicates  with  the  earth.  A  certain  portion  of  elec- 
tricity being  communicated  from  the  machine  to  one  coating 
of  the  battery,  two  portions,  each  equal  to  it,  will  pass,  one 
from  the  other  coating  of  the  battery  into  the  meteje,  mA  the 
other  portion  from  the  meter  into  the  earth.  Let  ibe^ififst 
naentioned  of  these  two  portions  be  just  sufficient  to  jcauseithe 
.metev  to  discharge  itself  by  the  knobs  and  such  portion; will 
then  be  the  unit  of  that  meter.  Another  equal  portion,  being 
communicated  to  the  battery,  another  equal  portion  will  6barge 
and  discharge  the  meter  and  form  a  second  unit  equal  to  the 
first,  and  so  forth  till  the  battery  be  fully  charged.  The 
Bumber  of  discharges  of  the  meter  will  (notwithstandisigithe 
differences  of  intensity  in  the  battery  at  the  dilEerecbt  periods 
of  charging)  be.  a  direct  measure  of  the  absolute  amoujat.ofithe 
electriced  liquid  in  the  battery. 

The  meter  jar  should  discharge  itself  at  a  very  low  inten- 
sity, that  the  electricity  intended  to  pass  into  it  may  not  be 
dissipated,  by  passing  slowly  from  one  of  its  coatings  to  the 
other,  or  from  the  emittent  side  of  the  battery  into,  the  air. 
For  the  same  reasons  the  coatings  of  the  jar  should  be  far 
apart  and  the  exterior  of  the  battery  should  be  free  from  all 
points  and  roughness.  The  meter  should,  in  consequence  of 
its  discharging  itself  at  a  low  intensity^  be  large  enough  to 
give  sparks  at  sufficiently  long  intervals  of  time  to  be  easily 
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counted  when  a  large  machine  is  used.  The  discharging 
knobs  should  be  of  a  metal  least  liable  to  be  acted  upon  by 
sparks,  and  should  be  inclosed  in  a  glass  tube  to  exclude  the 
dust  and  damp ;  and  if  the  tube*  and  jar  also  be  air  tight,  it 
would  perhaps  be  better,  in  order  to  prevent  the  discharge 
being  affected  by  changes  in  the  density  and  dampness  of  the 
tiir. 

There  is  a  source  of  error  in  my  model  in  the  expansion 
and  contraction  of  the  metallic  tubes  a  and  e  of  the  meter  by 
change  of  temperature,  but  which  might  be  easily  obviated  by 
a  different  arrangement  of  the  knobs.      The  communication 
of  the  battery,  with  the  prime  conductor  and  meter,  should  be 
quite  continuous,  theelectricity  never  passing  by  sparks.  The 
generation  of  the  electricity  s^hould  also  be  regular,  to  prevent 
irregular  and  extraordinary  undulation  of  the  liquid  commu- 
nicated to  the  recipient  coating  of  the  battery  and  causing 
correspondent  undulations  of  that  passing  from  the  emittent 
costing  through  the  meter.     I  think  the  communication  &om 
the  outer  coating  of  the  battery  to  the  meter,  or  from  the 
outer  coating  of  the  meter  to  the  earth,  should,  for  a  portion 
of  the  distance,  be  formed  of  a  substance  not  capable  of  con- 
veying a  small  shock,  but,  at  the  same  time  a  moderately  good 
conductor,  as  a  moist  thread  or  strip  of  linen  for  instance,  in 
order,  more  effectually  to  resist,  firstly,  the  undulations  of  the 
liquid  in  the  battery  and  on  the  prime  conductor ;  andi  secondly, 
the  rush  of  the  fraction  of  free  electricity  on  the  prime  con- 
ductor into  the  battery,  and  the  fraction  on  the  exterior  of  the 
battery  into  the  meter.     The  discharge  of  the  meter  would, 
very  probably,  enable  this  latter  portion  of  electridty  to  rush 
through  the  meter  in  the  path  thus  opened  for  it,  and  be  an 
addition  to  each  intended  unit  or  absolute  amount  of  ea>ch 
chtirge  contained  in  the  meter  at  the  commencement,  or  first 
instant,  of  its  discharge,  which  unit,  or  charge  alone,  ought  to 
paos,  and  thus  materially  interfere  with  the  accuracy  of  the 
instxument.  The  threads  or  other  imperfect  conductors  should, 
if  pk'Ced  between  the  battery  and  meter,  be  (to  prevent  dis- 
sipation) inclosed  in  an  Indian  rubber  or  glass  tube  with 
hieticlUc' terminations. 

'  Unless  every  part  of  the  battery  coatings  be  very  far  apart 
(or  rather  the  exterior  coating  far  from  the  top  of  the  jar,  for 
the  distance  between  the  top  and  interior  coating  maRes  no 
difference,}  I  doubt  if  this  electrometer  would  do  with  very 
high  intensities,  as  the  electricity  would  otherwise  pass  over 
the  exterior  uncoated  surface  of  the  battery  from  the  recipient 
to  the  emittent  parts,  and  add  to  the  absolute  quantity  of 
liquid  passing  through  the  meter ;  but  this  source  of  error 
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might,  I  think,  be  obviated  by  a  ring  of  coating  passing  Tdund 
the  battery  lars,  a  little  above  the  outer  coating,  and  commu- 
nicating witn  a  row  of  points,  suspended  by  silk,  at  a  distance 
from  the  battery,  or  with  some  not  very  imperfectly  conduct- 
ing substance  in  communication  with  the  earth.  If  the  rings 
communicated  directly  and  perfectly  with  the  earth  they  might 
occasion  damage  by  a  spontaneous  discharge  through  the 
meter.  At  the  same  time  the  ring  should  not  be  too  near  tKe 
exterior  coating  lest  it  should  take  any  electricity  from  the  ex- 
terior coating  which  should  pass  through  the  meter. 

I  have  thought  that  a  balance  with  knobs  might  be  usefully 
placed  between  the  discharging  knobs  and  made  to  move  an 
index ;  but  the  beam  must  be  a  very  delicate  one ;  and  the 
probabilities  of  inaccuracy  from  friction  and  other  causes^seem 
to  more  than  counterbalance  the  trouble  of  counting  the 
sparks.  The  only  experiment  I  have  tried  is  comparing  the 
sparks  that  passed  while  charging  a  jar  with  those  that  did  So 
while  discharging  it  gradually  by  a  point.  When  that  jar 
was  not  highly  charged,  and  every  care  used,  the  number  of 
sparks  in  ana  out  were  equal,  at  least  generally.  When 
there  appears  one  spark  too  few  on  discharging  with  the  poiiit, 
a  considerable  fraction  of  the  unit  or  quantity  necessary  to 
produce  that  spark  will  be  found  in  a  free  state  on  the  coating 
of  the  battery  connected  with  the  meter,  and,  of  course,  in  the 
meter  itself.  A  means  should  be  very  carefully  devised  of 
forming 

A  standard  meter  of  unity/ 

a  staiida;rd  that  could  be  readily  and  exactly  imitated  at  any 
time  or  jpl?^;e,  This  would  perhaps  be  best  eiFected  by  using 
a  plate  pf  air  at  a  certain  medium  temperature  and  dryness, 
coated  by  two  circular  plates  of  metal  of  a  certain  diameter 
(one  being  insulated  in  the  most  simple  and  perfect  manner) 
and  discharging  themselves  by  two  spherical  balls,  also  of  a 
certain  diameter.  These  balls  and  the  plates  being  also  at 
certain  distances  apart.  Such  a  standard  being  once  formed 
and  preserved  in  a  public  institution,  all  other  meters  othej--. 
wise  constructed  might  be  regulated  by  it,  by  having  their 
discharging  balls  set  by  a  micrometer  screw,  to  discharge  with 
the  same  or  any  multiple  or  aliquot  quantity  of  electricity. 

To  compare  this  standard  electrometer  with  others,  one 
coating  (recipient)  of  each  of  two  exactly  similar  plates  of  air 
might  be  made  to  communicate  with  a  prime  conductor;  their 
other  two  coatings  (emittent)  to  communicate  one  with  the 
standard  electrometer  and  the  other  with  the  one  to  be  regu- 
lated by  it.  One  of  the  balls  of  the  latter  should  be  moved 
till  it  be  discharged  at  the  same  instant  as  the  standard  meter; 
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or  (if  it  cannot  be  made  to  do  so)  till  it  is  uncertain  which 
will  discharge  first.*  Between  every  trial  the  electricity  to 
be  of  course  completely  discharged.  The  whole  apparatus 
should  also  during  the  operation  be  placed  at  a  distance  from 
the  machine  and  from  every  other  substance  capable  of  inter- 
fering by  induction.f 

I  remain,  dear  sir, 
Leamington^  Yours  truly, 

Sept.  24,  1838.  CHARLES  GRIFFIN. 
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L...  Description  of  a  galvanometer  by  ivhich  the  defieciing 
power  of  an  electric  current,  however  copious y  may  be 
Tfieasured.  Communicated  in  a  letter  dated  April  20, 1838 ; 
Addressed  to  the  Secretary  of  the  London  Electrical 
Society, . 

Read  May  5th,  1 838.^ 

'  Sir, 

I  beg  to  call  the  attention  of  the  Society  to  a  modification 
of  the  galvanometer,  by  which  the  deflecting  power  of  any 
electric  current,  however  copious,  can  be  so  reduced  as  to  be- 
come measurable  even  by  a  delicate  magnetic  needle. 

By  this  instrument,  the  electrical  currents,  above  and  below 
the  needle,  are  made  to  move  in  the  same  direction ;  in  which 
case,  their  deviating  effects  being  opposed,  no  motion  will  take 
place  in  the  needle  as  long  as  it  is  equidistant  from  both.  But 
if  the  needle  be  not  equidistant,  then,  naturally,  the  poiwer  of 
the  nearest  current  will  preponderate  and  cause  immedi£ite 
deviation  :  such  deviation  being  the  result  of  the  difference 
between  the  two  powers,  and  depending  on  the  relative  dis- 
tances of  the  upper  and  lower  wires  from  the  needle.  If  then 
either  of  the  reophores  be  made  movable,  the  effective  deviating 
po\f  er  of  the  other  is  entirely  under  the  control  of  the  experi- 

*  A  further  method  of  testing  the  agreement  of  the  new  meter 
with  the  standard  would  be  by  frequently  and  moderately  charging 
a  battery  by  each,  and  discharging  it  by  the  other  till  their  indica- 
tions agreed. 

+  As  every  philosopher  has  a  right  to  have  his  discoveries,  or 
theoretical  views,  when  published,  bear  the  proper  date  of  their 
being  first  made  known,  we  beg  to  inform  our  readers  that  the  sub- 
stance of  Mr.  Griffin's  two  former  papers  which  have  appeared  at 

p.  36,  and  126  of  the  present  volume,  was  made  known  to  the 

)yal  Society  more  than  five  years  ago.     Eorr. 

%  From  the  Transactions  of  the  Lmidon  Electrical  Society. 
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menter :  but,  for  the  sake  of  calculation,  the  distances  from 
the  needle,  at  which  the  movable  current  has  one- third,  one- 
half,  two- thirds,  &c.,  the  power  of  the  stationary  one,  must  be 
graduated  on  the  brass  plate  which  has  been  added  for  that 
purpose.  By  the  use  of  a  winder  and  multiplying  wire  the 
graduation  is  facilitated,  as  the  influence  of  the  multipK/er  is 
felt  through  a  greater  space  than  that  of  a  single  wire.  I  have 
also  added  a  doable  wire  for  the  sake  of  allowing  uninterrupted 
passages  to  any  electric  current,  however  copious. 

The  method  of  making  one  reophore  movable  by  means  of 
spiral  wires,  was  taken  from  an  instrument  most  obligingly 
shown  to  me  by  Professor  Majocchi,  of  Milan,  to  which  I 
have  added  the  arrangement  of  the  wires,  by  means  of  wl^ch 
the  reaction  of  the  currents  and  cohseqUent  rcductiort  rf  ifaeir 
deflecting  powers  is  accomplished ;  atid  if  the  London  'Elec- 
trical Society  judges  the  instrumelit  woi^thy  of  a  disliliVitive 
appellation,  I  beg  to  propose  that  it  be  called  the  reiAc^tihg 
galvauomeier.  '•>(:; 

I  remain,  Sir,  ^^' 

Yours  truly,  ' 

Bryanstone  Street,  R.  J.  IREMONGER. 

Portman  Square, 
April  20, 1838.  '   ' 


P.  S.  By  using  the  winder  of  greater  depths  an  aperture 
may  be  niade  between  the  upper  and  lower  coils  so  as  to^aliow 
of  the  introduction  of  a  needle ;  in  which  case  the  instrament 
becomes  a  common  multiplier.  Fig.  4,  Plate  Xll.i  represents 
the  instrument,  where  A  is  the  winder  carrying  a  coil  edpable 
of  being  raised  or  lowered  by  means  of  the  sliding  piece  B, 
which  moves  tightly  through  the  cross  bar  C  C.  D  Dy  are 
columns  supporting  the  cross  bar  and  fixed  at  their  bases  to  the 
sole  G.  These  have  the  termination  of  the  coil  routid  them 
in  spirals.  E,  the  end  of  the  spiral  on  column  D,  lietia£to  a 
groove  in  the  sole.  F  F,  mercury  cups.  The  situation  erf  the 
magnetic  needle  and  graduated  card  is  shown  by  ihe  line  and 
dotted  circle ;  and  the  direction  of  the  wire  on  the  oohunns 
and  winder,  by  the  arrows.  It  will  be  perceived  that  since 
a  current  circulating  through  the  wires  moves  in  the  same 
direction  in  the  lower  part  of  the  coil  above  the  needle,  and 
in  the  terminating  wire  beneath  the  same,  the  coil  will  exer- 
cise a  counteracting  effect  on  the  needle  dependant  on  the 
space  between  them,  and  therefore  that  the  deviations  will 
be  produced  by  the  excess  of  power  in  the  nearest  or  under 
current. 
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LI.  British  Association  for  the  Promotion  of  Science, 
Eighth  Meeting,  at  JVewcastle  Upon  Tyne :  in  August, 
1838. 

(Continued  from  page  333.^ 

Mr.  Whewell  read  a  letter  from  the  Astronomer  Royal, 
G.  B.  Airy,  Esq.  on  the  means  adopted  for  correcting 
the  local  Magnetic  iLetion  of  the  Compass  in  iron  Steam 
Ships,' 

*^Royal  Observatory,  Greenwich,  Aug.  21,  1838. 

»  "  Dear  Whewell, 

"Among  the  causes  which  have  prevented  me  from  attending 
the  meeting  of  the  British  Association,  the  principal  is,  the 
tfOfuble  of  carrying  on  a  series  of  observations  and  experi- 

.  m^nts  (at  the  request  of  the  Admiralty)  for  correcting  the 
local  magnetic  action  on  the  compass,  in  the  iron  steam  ship 
the  Itainbow,     Perhaps  by  communicating  the  principal  re- 
sults to  the  proper  Section  of  the  Association,  you  will  more 
than  compensate  for  my  absence.       The  compass  was  placed 
iii,£qar4ifferent  stations  near  the  deck,  and  in  four  stations 
about  13  feet  above  the  deck;  and  for  each  of  these  the  ship 
was  turned  round,  and  the  disturbance  observed  in  many  posi- 
tions.     The  disturbances  even  at  the  upper  stations  were 
great,  but  at  all  the  lower  stations  they  were  very  great,  and 
at  the  station  next  the  stern  they  were  enormoua.     The  whole 
Glmount  there  was  100"*  (from — 50°  to  4-50®)^  antdon  one  oc- 
casion, in  turning  the  vessel  about  24*  the  needle  moved  74° 
m  the  opposite  direction.     I  should  have  perhaps  found  some 
difficulty  in  reducing  these  to  laws  if  I  had  not  made  some 
observations  of  the  horizontal  intensity  at  the  four  lower  sta- 
tions, in  different  positions  of  the  ship.  From  these  I  was  able 
to  infer  the  separate  amounts  of  disturbance  due  to  the  per- 
manent magnetism  of  the  ship,  and  to  the  induced  magnetism, 
aad  to  construct  correctors.     These  correctors  I  tried  yester- 
day, completely  at  the  sternmost  station,  and  imperfecty  at 
two  others.      The  correction  at  the  sternmost  station  was 
(speaking  generally)    complete  ;    the  extreme  of  deviation 
which  formerly  exceeded  1 W,  did  not,  with  the  corrector, 
exceed  1°.     At  the  other  stations  I  had  not  leisure  to  adjust 
the  apparatus ;  but  I  fully  expect  to-morrow  to  produce  the 
same  accordance  at  them.     This  result  is,  I  should  think, 
important,  in  a  practical  sense.     Some  theoretical  results, 
which  I  did  not  anticipate,  are  also  obtained.     At  the  stem 
position,  the  disturbance  is  produced  almost  entirely  by  the 
permanent  magnetism,  the  inductive  magnetism  producing 
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ooly  7  5-  of  the  whde  eSbct.  Going  towards  the  head,  the 
effect  of  the  permanent  magneliism.  diminiBhes^  and  that  of 
the  inductive  magnetism  inoreiafies^  till  the  latter  ph>dlices 
about  J  of  the  whole  effect.     The  resolved  part  of  the  pfer-  1 

manent  magnetism  transverse  to  the  ship,  varies  little  (increas- 
ing somewhat  towards  the  head) :  the  part  longttudmal  to  the 
ship  decreases  rapidly  from  the  stern  to  the  bead  (where  it  in 
less  than  the  transverse  part).  I  must  not  omit  to  mention 
that  Ml*.  Bafly  took  one  department  of  the  observations  for 
one  day,  and  will  therefore  be  able  to  give  you  a  complete  ac» 
count  of  the  method  of  cokiducting  th^  compass  observations. 
In  this,  however,  there  is  nothing  very  important :  the  prin- 
cipal object  being  to  contrive  methodfi  of  observing,  in  a  place 
where  no  distant  object  could  be  Seen,  and  where  there  seemed 
to  be^  at  firsts  great  reason  for  suspecting  considerable  local 
attraction  peculiar  to  the  place,  and  independent  of  tbe^hip. 

"G.B.  AIRV." 

Mr.  Bailv  described  the  method  of  observing  the  deviatpn 
of  Hbe  needle^  caused  by  the  immense  mass  of  iron  in  this 
vessel,  the  liainbow,  by  theodolites  fixed  in  proper  positions 
on  the  shore ;  the  deviation  of  the  needle,  as  the  ship's  head 
was  veered  round,  was  ascertained,  when  the  needle  on  board 
was  placed  in  different  parts  of  the  vessel. — Sir  John  Herchell 
said,  that  Barlow's  compensating  plate  having  been  found  in- 
applicable to  the  correction  of  the  effect  of  such  large  masses 
of  iron,  it  became  a  problem  of  much  interest  to  find  out  aji  . ' 
adequate  correction,  when  the  following  principle  wa^sug-''' 
gested  by  the  Astronomer  Royal :  After  the  effect  of  the  vefe-  ' 
sel  u^bti  the  ^ompass  while  on  board  had  been  determined,  ak 
described  by  Mr.  Baily,  the  compass  was  removed  to  the 
shore,  and  placed  in  the  neighbourhood  of  a  large  mass  of 
iron,  in  such  a  way  that  the  effect  of  this  mass  was  the  same 
as  that  of  the  vessel,  a  compensation  for  this  was  then  appHefd 
to  the  compass;,  and  upon  removing  the  entire  apparatus  on 
board,  it  is  obvious  the  ship,  which  is  an  exact  equivalent  for   ' 
the  mass  of  iron  (now  left  on  shore)  must  be  exactly  compen- 
sated also.     A  ludicrous  circumstance  had  occurred,  proving  ' 
the  necessity  of  this  compensation.  When  they  were  bringing 
the  vessel  round  from  Glasgow,  where  she  had  been  built, 
they  had  hazy  weather,  and  at  the  Land's  End  they  were  un- 
der the  necessity  of  hailing  a  vessel  to  know  where  they  were. 
The  crew  of  the  other  vessel  were  in  amazement  to  conceive 
why  a  ship  of  such  magnitude  had  been  intrusted  to  such  a 
set  of  laud-lubbers. — Capt.  Johnson,  R.N,  said,  that  Bar- 
low's compensating  plate  was  fully.  a46quB't®  to  the  compensa- 
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tiqp  jO^i^jacth  a  mass  of  iron  €U8  tfiat  iti  tlie  Rainbow,  as  he  had 
fr^qu^i^t;  (Opportunity  of  proving ;  in  fact,  the  maximum  de- 
vi^t^ipi^  of  the- needle  would  not  be  more  than  13°  when  the 
compas^'  was  supended  18  feet  from  the  deck. — Sir  John 
Hercj(ieU  begged  not  to  be  misunderstood :  he  had  no  intea- 
tioa;  to*  undervalue  or  dii^rage  the  compensating  plate  of 
Baj;lQw^  which  was  unquestionably  a.  most  valuable  discovery. 

Major  Satinets  address  on  the  subject  of  Magnetic  varia- 
tions, '     ' 

I  beg  to  occupy  a  few  nnxments  of  the  time  of  the  section  ip  ^ 
reference  to  the  report  ou  the  vaoriationsof  the  magnetic  intei^- 
sity^i  which  the  British  AasOoiiEktjon  have  done  me  the  honour 
to  print;  in  their  last  volume..  •  I  wish  to  communicate  the  re- 
sults pt  the  observations  made  by  Gapt.  Duperrey  in  his 
voyagi^  pir  circumnavigalion  in  the  Coquille,  in  1823 — 1825, 
which  [  I  have  only  received  in  the  present  week  in  a  private 
communication  from  that  distinguished  officer  and  magnetic 
obsery^;^*  The  section  will  learn  with  pleasure  the  satisfactory 
accprfii of:  these  observations  with  those  of  Captains.  De  Frey- 
cine,t  ^nd  Fitz  Roy,  published  in  my  report.  When  in  icongi,-j 
pliapqe.with  the  wishes  of  the  Association,  I  first  entertained 
the  purpose  of  collecting  in  one  body  the  observations  of  in- 
tensity made  by  different  observers  in  all  parts  of  the  globe, 
so  far.^s  they  are  comparable  with  each  other,  one  of  my  first 
step§  ^was  to  write  to  Capt  Duperrey  to  solicit  the  communi- 
catipn  of  any  intensity  results  which  he  might  have  obtained. 
I  find,  .by  the  letter  which  I  have  just  received,  that  Cj^pt*. 
Duperrey  did  kindly  comply  with  my  request;  but,  uur 
fortunately,  the  packet  which  must  have  contained  the  par- 
ticulaTfa  of  his  observations  has  never  reached  me.  The  letter 
which  I  ba,ye  just  received  contains  a  notice,  both  of  the  re- 
sults hp  |oJ)tMned,andof  the  mode  in  which  they  were  observed. 
Had  4  |>Qs^8sed  this  information  at  the  time  my  report  was 
print^ij,^  1  -should  on  every  account  liave  rejoiced  to  have  em- 
bodied it  in  the  report;  and  I  atn  anxious  to  avail  n^yself  of 
this  opportunity  of  doing  what  may  yet  be  done  to  supply  the 
omission.  Capt.  Duperrey's  observations  were  made  with  a 
horizontal  iieedle,  which,  from  accidental  circumstances,  was 
not  observed  with,  prior  to  his  departure  from  France.  The 
usual  test  of  the  permanency  of  the  magnetism  of  the  needle, 
viz.  its  vibration  at  the  same  station  at  the  commencement 
and  at  the  close  of  the  series,  was,  therefore  omitted  in  this 
case.  In  the  absence  of  this,  which  is  the  most  conclusive 
test,  Capt.  Duperrey  has  estimated  the  loss  which  his  needle 
may  have  sustained,  by  cqmparing  its  rate  of  vibration  at 


418  Proceedings  of  the  British  dissociation, 

Paris  on  his  retnm^  i^ith  its  rate  at  a  station  in  PeFityin  the 
line  of  no  dip^  in  which  comparison  he  hEks  assumed  .  the  re- 
lation of  the  force  at  that  station  to  the  force  at  Paris  to  be 
)  as  1^  to  1.3482.  The  loss  of  magnetism  sustained  by  the 
needle  on  this  estimation  was  altogether  inconsiderable  The 
times  of  vibration  at  four  other  stations  at  which  this  needle 
was  employed,  corrected  for  temperature  and  arc,  are  as 
follows: — 


Payta 5°  6'S. 

..  278.50E. 

..  L024 

Offiik   0    2 

..  130.44 

..  1.079 

Port  Jackson .  33  52 

. .  151.12 

.  .  1.617 

Isle  of  France.  29    9  . 

..    57.31 

..  1.181 

These  determinations  are  inserted  ia  a  map  engraved  in  1832, 
referred  to  in  a  paper  read  by  M.  Duperrey  to  the  Academy 
of  Sciences,  at  Paris,  in  1833,  entitled,  *^  Consideration  sur 
le  Magnetisme  Terrestre/'  Capt.  Duperrey  notices^ .  th^t  at 
two  other  stations,  viz. — ^Talcahuano  and  St.  Catherine's,  he 
observed  the  times  of  vibration  of  a  dipping  needle,  the  jpoles 
of  which  were  reversed  at  each  station,  in  the  usual  manner, 
for  ti^e  observation  of  the  dip;  and  that  the  results  derived 
from,  the  vibration  of  this  needle,  presuming  it  to  have 
received  on  every  occasion  when  the  poles  were  changed,  an 
equal  magnetic  charge,  correspond  in  a  remarkable  manner — 
as  indeed  they  do,  with  the  subsequent  observations  of  Cap- 
tains King  and  Lutke  ;  but  Capt.  Duperry,  of  course,  attaches 
to  tl^e^e  determinations  no  independent  value,  and  therefore 
I  %e^  nt)t  notice  them  further.  Capt.  Duperrey  has.^so 
coji^piiuiicated  to  me  three  results  obtained  at  stations  in 
France,  in  1834,  with  one  of  M.  Hasteen's  needles,  made, 
as  it  appears,  with  very  great  care,  and  with  every  necessary 
precaution.     These  results  are,  for 

Lat.    LoD.  W.  Paris. 

Brest 48.24  . .  6.50  . .  1.365 

Landevence 48.18  ..  6.36  ,.  1.363 

Orleans 47.54  . .  0.26  . .  1.341 

Major  Sabine  next  adverted  to  the  observations  of  Prof. 
Bache  and.otjier  gentlemen  of  the  United  Slates,  which  were 
not  i^lud^in  his  report.  These  observations  were  m^deat 
New:  York,  and  in  the  adjoining  states ;  and  Mr.  Bache  is 
now  engaged  in  connecting  them  with  Europe,  and,  conse- 

Juently,  with  the  general  body  of  the  intensity  observations. 
Jntil  this  comparison  is  complete,  which  it  will  not  be  until 
Mr.  Bache  returns  to  the  United  States,  the  observations  re- 
ferred to  seem  to  determine  the  value  of  the  magnetic  force  at 
the  stations  at  which  they  are  made,  relatively  to  each  others 
but  not  relatively  to  other  parts  of  the  globe.     It  was  for 
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this  reason  that  they  were  not  available  for  Major  Sabine's 
report,  which  had  for  its  object  the  gener^  distribution  of 
the  magnetic  force  over  the  earth's  surface.  The  American 
observations  were  made  with  magnetic  needles  inclosed  in  a 
vacuum  apparatus,  which  Mr.  Bache  had  devised,  with  the 
view  of  avoiding  seme  of  the  anomalies  occasionally  expe- 
rienised  by  other  observers.  They  were  made  with  extreme 
care,  and  were  remarkable  for  minute  attention  to  all  those 
circumstances  which  conduce  to  the  accuracy  of  the  results. 

^— ■  I     ifl         I       ■      I     ■  ■■         ■  ■  1^       I  ■        ■     ■      i  Mi         ■■         ■     L  ■_■_■'      ■N  111  'S^        _   U     *■**    IP-    I.     »    p      ■    *    I     ■■■         ^      It—  ■  I       ■        ■>_  ■    ■ 
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Tuesday,  October  2rf.  Mr.  Clark  read  a  paper,  entitled 
"  Further  Experiments  in  Magnetic  Electricity. 

In  a  previous  communication*  he  had  pointed  out  the  ad- 
vantages of  thin  wires  over  broad  plates,  for  the  terminal 
metals  in  the  electro-gasometer,  in  the  process  of  decompos- 
ing watjBr  by  these  machines.  He  had,  since  that  time, 
made  other  experiments  with  two  electro-gasometer^  in  the 
circuit  at  the  same  time,  one  of  which  was  furnished  with 
thin  wire  terminals  and  the  other  with  broad  plate  ones :  the 
revolving  coils  being,  in  some  of  the  experiments,  composed 
of  long  thin  wire,  and  in  others  of  comparatively  short  thick 
wire;  or,  as  the  author  terms  them,  the  intensity  and  quan- 
tity arrangement.  These  experiments  were  compared  with 
others  in  some  of  which  one  gasometer  alone  was  in  the  cir- 
cuit, and  in  others  when  the  other  gasometer  was  in  the  cir- 
cuit. The  following  table  was  shown  as  representative  of  the 
results. 

Time  in  lib^ating  one  cubic  inch  of  the  mixed  gases. 
Long  thin  wire  coils.  Short  thick  wire  coils. 

Gasometer  Oasometer  Gasometer  Gasometer 

vfitk' wires.  irith  plates.  with  wires.  with  plates. 

1 6'  40"        <5h.  40'  tincoiinected.        5'  33"        1  ^  4^^  tmconnected. 
14' 2(5"        Sh.  20' connected.  14' 26"        '6lt.40' connected. 

Mr.  Pollock  also  read  a  short  paper,  in  which  he  endeavoured 
to  support  the  theory  of  electric  vibration  by  comparing  the 
physiological  effects  produced  by  magnetic  and  common  elec- 
tricity. 

Tuesday,  October  16M.  Mr.  Walker  read  an  account  of 
a  series  of  experiments  which  were  made  with  a  powerful 

*  See  p.  336  of  the  present  volume. 
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constant  voltaic  battery,  at  the  house  of  J.  P.  Gassiot,  Esq^ 
Honorary  Treasurer,  Cla^^am  Common;   conjointly  by  Mr, 
Gassiot,    Mr.   Sturgeon,    Mr.  Mason,    and  himself.     This 
battery  consisted  of  160  porcelain  jars,  each  of  which  was 
furnished  with  a  cc^per  and  zinc  cylinder,  with  proper  can* . 
necting  pieces  so  as  to  be  arranged  either  in  series,  or  in  any 
number  of  groups  as  might  seem  necessary  for  the  purpose  oi 
varying  the  experiments.       The  whole    battery    was    fur- 
nished by  Mr.  Gassiot«    'Hie  zinc  cylinder  of  each  cell  ^as 
covered  with  brown  paper  and  afterwards  placed  in  the  copper. 
The  liquids  employ^  were  salt  water  inside  the  paper  en- 
velope of  the  zinc,  and  solution  of  sulphate  of  copper  oi^  tl^e 
outer  side :  consequently  the  zinc  cylinder  was  exposed  tothe  / 
former  and  the  copper  cylinder  io  the  latter  liquid.  ..Tne 
whole  battery  was  dividea  into  eight  groups  of  cell^\qa.ch 
group  of  twenty  cells  forming  a  distinct  series,  which.  q9uld 
be  employed  either  separately,  or  in  combination  witH'  ^tb^ 
rest,  at  pleasure.     The  decomposition  of  water,  acidulated  • 
with,  sulphuaric  acid,  was  first  tried  with  the  individual  ^r^j4P^: 
and  afterwards  by  combining  them  in  series  forming  batterig^ 
of  20: pairs;  40  pairs;  60  pairs;  80  pairs;  100  pairs;   12S6 
pairs ;  140  pairs ;  and  160  pairs.     The  following  results  were 
obtained:    the  time  occupied  in  liberating  one  cubic  inch,  of  . 
the  mixed  gases  was  taken  as  the  standard  of  power  of  ^L^\y  .. 
individual  battery.  .    ^^  ,* 

*With  20  cells  the  time  was  42"  /  r    .   . 

40 35"       ,;,'... 

.  .  60 33"         .,.., 

80  -----   30"         '  . 

100 28" 

120 27" 

140 28" 

160 28" 

*  The  results  exhibited  in  this  table,  although  in  oppoaltiqii.to 
the  genemUy.  receired  notions  of  electro-decompositions  oy  volfai^  , 
batteries^  ace  strlcdy  in  accordance  with  the  views  we  have  loj\g 
entertained^and  promulgated  in  our  lectures  on  this  subject.  ^  f'or^ 
if  any  compound  requires  an  electric  force  of  a  certam  intensity 
only,  to  accbmpUi^  the  separation  of  its  constituents,  it  would  be 
needless  to  augment  the  intensity :  but  by  augmenting  the  quantity 
of  electricity,  at  the  required  intensity^  we  multiply  the  rate  of 
decomposition  accordingly.  And  as  different  compounds  require 
different  intensities  of  electric  force  to  accomplish  their  decomposi- 
tion, so  will  they  require  different  extent  of  series  to  produce  that 
effect ;  and  the  extent  or  rate  of  decomposition  will  then  depend 
upon  the  eixtent  of  the  surfaces  employed  in  the  individual  pairs. 
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Between  every  two  decoinpQsing  experiments  the  battery 
cu^t^nt  was  directed  through  a«  galvanometer^  made  of  a 
sqtiar(i  coil,  whose  side  was  six  inches  long :  but  nothing  very 
pairticvlar  was  observed.  Mercury,  zinc  turnings,  gold  and 
silver  leaf,  &c.,  were  deflagrated  in  a  very  splendid  manner. 
But  the  most  interesting  calorific  result  was  the  following. 
The  connecting  wires  of  the  battery  were  of  copper  and  about 
one-tenth  of  an  inch  diameter.  When  the  outer  extremities 
of  these  wires  were  brought  into  .contact  with  each  other, 
whilst'  the  whole  battery  was  in  series,  they  would  adhere  as 
if  soldered  together;  which. must  have  been  the  effect  of  a 
partial  fusion  of  the  c(^per.  .  If  now  the  wires  were  gently 
withdi^wn  from  each  other  an  electrical  flame  would  play 
between  them ;  and  the  extremity  of  that  wire  which  was 
cofjtiecte4  with  the  positive  pole  of  the  battery  would 
becptrie  fed  hot  in  about  a  quarter  of  a  minute :  but  the  ex- 
tr^tuity  of  the  negative  pole  wire  which  was  opposite,  and 
which  received  the  fluid,  never  became  heated  to  that  extent. 
If  hbW,  ti^(B  wires  were  placed  across  one  anothery  aAan  inch 
or  ihdfe  from  their  extremities,  the  same  kind  of  adhesion 
would  take  place  as  when  placed  end  to  enc^;  and  the'  inter- 
vening flame  also  played  in  the  same  manner  when  th^e  wires 
were  slowly  separated  to  the  distance  of  about  half  an  inch. 
When  the  flame  had  played  about  half  a  minute  between  the 
wires  the  positive  one,  from  the  spot  where  the  eleotrio  fluid 
left  it,  to  its  extreme  point,  exhibited  a  bright rdd  heat:  but 
the  negative  wire  never  became  visibly  red.  Here  we  had 
two  inches  of  copper  wire,  one-tenth  of  an  inch  diameter, 
which,  though  completely  out  of  the  electric  channel  became 
heated  to  the  extent  we  have  mentioned :  but  in  no  case  did 
the  negative  wire  become  visibly  red,  even  in  dense  darkness, 
though  in  some  experiments  the  action  was  kept  up  for 
several  minutes,  t 

Therefore,  to  produce  maximum  eflects,  it  is  necesaary  to  ascertain 
the  requisite  intensity,  and  to  employ  no  more :  for,-  beyond  that, 
the  resistance  in  the  extra  cells  of  the  battery  motfe*  than  oounter- 
balauces  the  augmented  intensity.  Hrecisely  the  same  law  is  ob* 
served  with  magnetic  electric  machines.     £dit. 

-|-  As  some  of  the  particulars  here  described  are  not  in  Mr. 
Walker's  report,  it  is  very  possible  that  we  may  not  have  Dientioned 
them  to  that  gentleman  at  the  time  we  made  this  experiment ;  but 
as  the  fusion  of  the  wires,  and  the  heating  of  the  positive  one, 
whilst  placed  with  its  extreme  point  opposite  to  that  of  the  negative 
wire,  are  as  interesting  as  any  of  the  results  obtained,  they  cannot 
be  too  soon  recorded.  We  have  also  thought  it  necessary  to  mention 
that  the  wires  are  first  to  be  brought  into  contact,  and*  afWrwsrds 
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November  6th.  Mr  Walker  read  an  account  of  some 
inrther  experiments  made  at  Clapham  with  the  battery  des^ 
cribed  in  his  form^:  communication.  In  this^  the  second 
day's  work,  the  deccnnposing  power  of  the  battery  wag  dgain 
tried  in  nearly  the  same  manner  as  in  the  former  experiments:; 
and  although  the  results  wei>e  not  precisely  the  same  as  before, 
they  present  the  same  general  character,  as  may  be  under- 
stood by  the  following  table  of  them :  the  liberation  of  one 
cubic  inch  of  the  mixed  gases  being  the  standard  as  befoie;* 

With     20  cells  in  series,  the  time  occupied  was  37" 

40 35' 

60  -         -         ^         -         .         -  35" 

80  -        .         -         .         -        -  33" 

100 33" 

120  .        .        -^         .        .         -  33" 

140  ----*.-  -  32'* 

160     -      -      -  -      -      sr' 

.  When  the  power  of  the  battery  was  tried  on  the  decpmpo- 
fiition  of  pure  distilled  water  alone,  the  liberation  of  the 
gases  was  very  slow,  but  increased  with  the  extent  of  the 
seriafi.  The  standard  quantity  of  gas  was  1-20  of  a  cubic 
inch;  which  was  liberated  by  40  cells  in  5'  30",  by  GO  in 
3'  80".  by  80  in  2'  35",  by  100  in  1'  35",  by  120in  1'  25", 
by  140  ia  O'  50",  by  160  in  0'  40".  20  cells  produced  an  effect 
too  insignificant  to  notice. 

At  the  suggestion  of  Mr.  Mason,  the  whole  battery  was 
^rranged-afi  a  series  of  20  pairs,  by  uniting  all  the  positive 
'  |loi!e8''of  :the  8  groups  with  a  mass  of  mercury  in  oue  c«p, 
arid  >bU  4heir  negative  poles  in  a  similar  manner  in  another 
cup.  When  these  compound  poles  were  properly  oonneoted 
with  the  metals  of  the  electro-gasometer,  containing  acidu- 
lated water,  the  rate  of  decomposition  was  one  cubic  inch  of 

gently  «epafated ;  for  we  have  never  ^et  seem  a  spaiic,. or  A^^e, 
pass  betwBen.thi^  two  prior  to  their  beingr  in  contact.  .  » .  ., 

Wje  have  long  entertained  the  idea  that  the  electricj.  ^^gi^^tic, 
and  4*alorifie^  elements  are  perfectly  distinct  from  one  another : 
being  unable  .to  understand  the  production  of  their  respective 
phenomena  by  any  other  means.  The  calorific  matter  we  consider 
to  be  exceedingly  inactive  when  compared  with  the  activity- of  the 
electric  matter;  and  as  both  require  room  or  space  to  move  in,  a 
copious  electric  current  traversing  a  wire  displaces  the  sluggish 
calorific  matter,  and  compresses  it  so  as  to  produce  heat,  as  decidedly 
as  by  mechanical  means.  The  experiment  before  us,  as  well  as  the 
production  of  cold,  as  shown  by.  Peltier,  Dove,  and  Lenz,  are  all 
upecimens  of  this  kind  of  action.     En  it. 


The  London  Electrical  Society .  -  423 

mixed  gases  in  every  7  seconds  of  time,  as  long  as  the  battery 
waiskept  in  action  on  the  acidulated  water.  By  this  arrangement 
of  the  battery,  the  decomposing  power  is  about  4^  times  that 
of  the  battery  when  in  one  continued  series,  when  the  com- 
pound operated  on  was  acidulated  water ;  a  result  which  will 
serre  fcis  a  guide  in  the  future  arrangements  of  voltaic  batteries 
for  similar  purposes. 

Whilst  the  whole  battery  was  in  series,  a  lump  of  native 
sulphuret  of  antimony  was  subjected  to  its  action.     The  sul- 
phuret  being  placed  on  the  table,  the  ends  of  one  of  the  bat- 
tery wires  was  held  firmly  upon  it;  the  other  wire  was  now 
brought  to  touch  the  sulphuret  at  about  an  inch  distant  from 
the  former;  but  as  no  effect  was  produced  at  that  distance  it 
was  brought  gradually  closer  to  the  other  wire  until  the  cur- 
rent passed.     When  a  small  portion  of  the  sulphuret  had  be- 
come fused,  one  wire  was  gradually  drawn  farther  and  farther 
from  the  other,  until  a  channel  of  the  fused  sulphuret  (which 
in  this  condition  was  found  to  be  a  good  conductor),  of  3 
inches  in  length,  was  obtained.     The  effect  was  really  beauti- 
ful.    The  fused  matter  was  thrown  out  of  its  bed  and  pre- 
served.    It  was  at  first  thought  to  be  pure  antimony^  but  on 
farther  examination  it  was  found  tabe  a  bright  black  sub-sul- 
phuret^  very  compact,  arid  exposing,  when  broken,  a  beauti- 
fiil  crystalline  structure.     For  a  complete  account  of  these 
e5tperiments  we  must  refer  the  reader  to  the  Tifansactions  of 
the  Society. 

*     Niydtmher  2^iK    A  paper  was  read  by  Martya  Roberts, 
Efeq. ."  On  the  use  of  Galvanism  in  blasting  rooks;" ,.  In  ttis 
\  interesting  paper  several  experiments  were  detailed  iw^hedb  l^ad 
been  attended  with  perfect  success,  made  on  granite  robks  in 
the  nwghbourhood  of  Penzance,  Cornwall.      Mr.  Roberts's 
method  of  blasting  is  thus  described  :~In  a  hole  of  24  inches, 
boried  in  the  rock,  is  placed  3  inches  of  gunpowder:  a  wad  of 
oakum  is  then  driven  in  9  inches  from  the  top  of  the  hole,  ^ 
'  leaving  12  inches  of  air  between  it  and  the  powder.     The 
upper  part  of  the  hole  is  filled  with  sand;  a  convenience  being 
'  allloWfed  for  placing  a  thin  iron  wire  in  conriexiori  with  the 
powder,  which  wire  becomes  red  hot,  and  consequently  ex- 
plodes the  charge,  when  connected  with  thfe  V^^oltaic  battery 
employed.  '^ 

A  paper  from  Mr.  Sturgeon  was  also  read,  being  an  account 
of  a  repetition  of  one  of  Mr.  R.  Were  Fox's  experiments,  on 
the  lamination  of  clay  by  voltaic  electricity.  The  apparatus 
enrployed  were  placed  on  the  table ;  and  the  clay  operated 
on  was  broken  into  several  pieces  by  the  assistant  secretary, 
and  examined  with  great  interest  by  many  persons  who  were 
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present;  but  no  appearances  of  lamination  could  be  discovered 
in  any  of  the  fractures:  hence  it  was  concluded  that  the 
experiment  had  failed  to  produce  the  anticipated  effect. ** 

December  4th,  A  paper  was  read  by  Mr.  Sturgeon,  de- 
tailing a  series  of  experiments  on  the  action  of  caloric  on  the 
poles  of  a  magnet,  showing  that  magnetic  poles  may  be  driyen 
from  the  point  of  heajb  in  any  required  direction. 

♦  Being  unable,  through  indisposition,  to  attend  the  meeting, 
I  sent  the  clay,  still  undisturbed  in  the  pot  in  which  it  was  placed 
durfng  the  whole  time  the  experiment  had  been  going  on,  to  the 
a^istant  Secretary,  requesting  him  to  breakup  the  clay  at  the 
meeting,  which  was  done,  l  have  since  that  time  examined  the 
clay  myself  $  and  cannot  perceire  the  slightest  tendency  to  lamina- 
tion. 

Understanding',  however,  that  some  singular  remarks  had  been 
elicited  in  the  discussion  which  took  place  on  the  subject  of  this 
experiment,  and  finding  also  that  various  accounts  of  it  have 
appeared  in  public  prints ;  I  consider  that  it  is  due  to  Mr.  Fox, 
who  so  kindly,  and  without  the  least  reserve^  furnished  me  with  the 
necessary  materials,  that  a  fair  description  of  the  whole  process  of 
the  experiment  should  be  given  by  myself.  With  regard  to  the 
preparations  and  fitting  up  of  this  experiment,  I  cannot  give  any 
additional  information  to  ttiat  given  in  the  Annals  for  June  of  the 
preaent  year.  Vol.  IT.  p.  475.  The  experiment  commenced  on 
the  first  of  May,  and  the  apparatus  was  not  disturbed  till  the  first 
of  October  jt  with  the  exception  of  the  metals  being  twice  taken  out 
of  the  pot  for  examination,  and  the  liquids  replenished  when 
previous  evaporation  rendered  it  necessary.  The  metals  were 
never  kept  out  of  the  arrangement  two  minutes  at  a  time,  certskinly 
not  fivQ  minutes  during  the  whole  five  months:  and  being  both  tithes 
carefully  replaced,  this  circumstance  could  have  no  possible  mfhience 
on  the  general  effects  of  the  experiment.  The  zinc  was  a  piece 
taken  from  a  thin  sheet,  and  was  not  much  injured  by  corroskm  «it 
the  conclusion  of  the  process :  hence,  it  is  obvious  that  not  ?xtucU 
sulphuric  acid  had  passed  through  the  clay  wall  from  the  jokitiim 
of  sulphate  of  zinc,  which  was  in  the  other  cell :  and,  conse<]^ueiBil]^' 
but  very  little  voltaic  action  could  have  been  carried  on  durmg  .the 

freater  part  of  the  time.  This  latter  inference  is  partly  corr6boHted! 
y  another  fact  wjiich  was  observed  on  examining  the  metala  wheb 
first  taken  out  of  the  pot,  which  was  about  five  weeks  atler  thie 
commencement  of  the  experiment.  The  copper  ore,  at  that  time, 
was  covered  with  a  dirty  leaden  coloured  matter  which  appeared  to 
me  to  be  an  oxide  of  zinc,  probably  derived  from  a  decomposition 
of  a  portion  of  the  sulphate  in  which  it  was  placed.  That  portion 
of  the  copper  connecting  wire  which  passed  round  the  ore,  was  also 
covered  with  the  same  kind  of  matter  :  and  both  ore  and  wire 
retained  their  coating  when  finally  taken  away  from  the  pot. 

The  clay  wall  was  about  an  inch  and  a  half  thick,  and  when  first 
formed  reached  to  the  top  edge  of  the  pot :  but  at  the  end  of  the 
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December  18.  The  reading  of  Mr.  Sturgfeoii's  paper  wa§ 
Tesilmed  and  conduded.  The  ReV.  Mr.  Shillib^er's  sustain- 
ing battery,  cdhsidting  of  12  cells,  and  whidh  httd  previously 
been  presented  to  the  society  by  that  gfentleman^  was  placed 
on  the  table  for  the  first  timei.  Its  neatness  and  portability 
cteated  muth  interest  amongst  those  who  inspected  it. 

Mr,  Sturgeon  made  a  few  experiments  showing  the  in&nner 
of  protecting  the  poWer  of  steel  magnets,  from  the  action  of 
converse  electric  currents,  by  placing  them  undet  the  influence 
of  other  peifmanent  steel  msigrrets.  Also  other  experiments 
showing  that  soft  iron,  when  in  contact  with  fhe  poles  of  a 
itoagftet,  facilitates  the  siibduction  of  its  poWer  when  asstkited 
by  a  converse  electro-riiagnetic  force. 

In  consequence  of  the  approaching  bolydays,  it  Wits  an- 
nounced from  the  chair  that  the  next  meeting  W6uld  hot  take 
place  tin  the.  I5th.  January,  1839. 

tin.    MISCELLANEOUS  ARTICLES.     . 

To  William  Sturgeon^  Esq, 

Dear  Sir, 
I  shall  not  apologize  to  you  for  sending  the  following  d€fs- 
cription  of  a  voltameter  which  I  have  constructed  for  my  oWil 

five  months  it  had  settled  down  about  three  quarters  of  an  inch^ 
having  itB  base  spread  outwards  on  both  sides.     When  fhe  fhetfallie 

f>art  of  the  arrangement  was  removed,  there  was  dtilt  a  Kttle  K^uid 
eft  in  each  cell,  which  was  also  taken  out:  and  the  diiy'left  to  diy 
gradually. 

Since  the  result  of  my  experiment  has  been  reported  by  the 
Electrical  Society,  I  have,  through  the  kindness  of  Mr.  Jordan,  been 
made  acquainted  with  some  further  particulars  essential  to  the 
success  of  the  experiment,  which,  from  their  not  being  attended  to, 
I  may  possibly  have  failed  in  mine.  I  have  mentioned  Mr.  Jordan's 
suifgieetions  to  the  Committee  of  the  Electrical  Society  ;  and  I  am 
r9(^!»estpd  to  make  another  trial  as  soon  as  possible.  I  diall  employ 
aik'or  eig'ht  voltaic  pairs  in  series  in  my  second- trial,  as  suggested 
By  "Mr.  Jordan  ;  and  1 4ahall  endeavour  to  prevent  the  wet  clay  from 
sinking  in  the  pot^  by  supporting  both  sides  of  it  with  the  polar 
plates,  which,  by  tnis  arrangement,  may  be  of  any  required 
siaie.  I  understand  that  Mr.  Jordan  has  succeeded  in  lami- 
nating pipe-clay  by  a  voltaic  action  of  three  weeks*  duration  only  : 
the  operating  battery  being  a  series  of  four  pairs.  The  particulars 
of  my  second  repetition  off  this  experiment  will  be  made  known  in 
the  neitt  number  of  the  Annals :  and  also  the  result  of  my  repetition 
of  Mr.  Fox's  experiment  on  the  conversion  of  copper  ore  by  voltaic 
action.     See  Annals,  Vol,  I.  p.  133.  Vol.  II.  p.  395,476. 

WILLIAM  STURGEON, 

Vol.  III. — JVb.  16,  January,  1839.  Z 
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use.  Simplicity  and  c|^eapQess  are  its  recommendatiop^i  and 
I  know  you  will  cbnsfdei;  these  desiderata  quite  sufficjf^^  &a^ 
my  requesting  its  insertion  }ii  your  excellent  Annals,  i        n; . 

Description. — Fig.  3,  Plat^  XL  A^  a  confectioner'^^)[>ri4d 
mouthed  16oz.  bottle.  B^  the  bung  j&tted  tightly  ^lt9>  the 
neck  of  the  bottle.  C,  a  glass  tube  18  inches  \ov^}^xw^ 
tically  sealed  at  the  top^  and  passed  through  the  biwg^r^. 
The  tube  is  graduated  upon  a.slipof  w.hite  pap^  coTejr^iWith 
a  varnish  of  lac.  e  e^  two  mercurv  icups  iqi  comiauAikl^jting 
with  the  battery,  made  with /<?of^i9,,  and  firwJiy  fix^4t  wAlh 
'sealing  wax  cement  to  the  bung,  t,VpMt;h  thy^se  c«ps  9^,  the 
bung  two  copper  wires  one-eig)it1^.o)f|^i^4n9h  in  diam^^l/y, 
are  passed  downwards^  and  ^i  about  4  inches  within  the  jar  are 
bent  at  right  angles^,  passing  ^hw^^ntally  until  they  come 
beneath  the  opening  of  the  glass  tube,  when  they  are  again 
bent  at  right  angles  and  passed<cyp||^i^d^.yriihin  the  tube,  and 
are  terminated  with  platinum  foil  soldered  to  the  ends.  The 
platinum  electrodes  are  one-eighth  of  an  inch  wide,  and  five- 
eighths.of  an  inch  long.. .  The  whole  of  the  coppeir>wijre  eoiiAuc- 
lor s;  witl^in  the  jar  and  about  one-eighth  of  an  inch  of  tfae^pUiti- 
hunii  is  weH  covered  wiA  sealing  wax  varniBh,  and  tbetnttrenil' 
ties  are  kept  steady  by  being  passed  through  a  sin«II  pjeci^^f 
cork  s  just  below  the  mouth  of  the  tube. 

lit  IS' scarDBly  necessary  to  state  that  the  jar  should  be  mle;d 
filth-  thd.  tiqnid to  abmit  an  inch  above  the  opening  of  the  tul 
fotdiihd  fii^if  tis  filled  in  the  same  manner  as  in  the  ihot'^^ 
l^itfiw^iBfetdiMncnfc,  viz.  by  placing  the  fingers  over  tbe'^ifl^- 
6te'yi^Up6> jsnd  turning  it  upside  down.  ;     <ipti  iq 

•I  .-^r  V-,!;.  7:/  -iremain,  -  "'"/'Tt 

•.r./,  nr  /^'  'Dear  Sir,  ^     ',    ^V;  j 

'I^lingtoBy  Your  most  obedient  isettrkht 

Nov.  9,  l«88.  G.  MACKRELfJ. 

TotH  BMtor  of  the  Annals  of  Electricity^  (^fW^  ■.  :ir 

...   5  1  iMii  ..  3\,  Lisle  St, y  Leicester  S^tihV^.^' 

■  .  :.:  :/i./,(<u  :-  December  3,  IB^:  ''-''  ;" 

Sir,,  j--.^-:  •:-       ^  '   '■ 

Beliering  that  any  improvement  in  the  apparatus  connected 
with  the  science  of  electricity  will  always  find  a  ready  in- 
s^tion  in  the  Annals,  I  take  the  liberty  of  enclosing  the  follow- 
ing description  of  a  modification  (and  I  am  induced  to  think 
a  novel  improvement)  of  thie  totatory  electro-magnet.  The 
novel  feature  in  the  ariaog^nft^rit  being  the  simultaneous  rota- 
tion in  an  opposite  diiection  of  the  permanent  magnet  with 
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"^ihi^ iE^mp6r6r^,  or electtxi'tiAiigni^^^^^^  1^  PUfe,  XII,  witi, 

19^]4l\^,  convey  a  better  idetf  fh'aii^any  verbal  descriptioA 
can.  The  •current,  frb^i  tbk  volt^^  batt^^7,  passing  thrqugh 
'th^j'Wire  a  a,  instead  6f  gpih^6xte6t\j.io  ,the  merciiry.  flood 
itk'cJohhexiqn  with  the  electro-magiaety  is  made  to  enter  two 
CDfeC€!ntric  ttotighis 'containing  .mercury  placed  immediately 
tinder  fhfe  former,  th^'  u^pjer  and  lower  cujps  being  comm^ni- 
cttbliby two  wires,  as  seetiitt thfe figure.  We  are  thus  enabled 
W^^^ce  the  electrp  and  ^rttianeiit  magnets  on  one  spi^dl^; 
tii^'  fbi^ier  being  p^t  in  jnbfion^  th^  pe:j:iiianent  mqgoet>,di4 
irtibie?diately  commenfce  i'btati^^  '^^P^^  'opposite  directiop-^.,,! 


A>By  Ihfe' ins^rtibn  6f  ttjfe^Wv^Uvb^ 

.,.nc,:>   (..^.  ..    ^''^^'•^•;^YbdrTn6st,^di6ntS^rv^^^ 


! )  1! xw  t>(  1 1'  ^  '  Etecttibdt  W(t^m&sophicdrinstrumem  Maker. 

•n!©Rji"f>i5D^''o»  o/'a;^  \4t^*Pimp  &fh  veiry  simple  fiflnsffucthin, 
u)hiqh*&i:)t9  both  as  Un:  ebthamtet'dnd  c(mdensef:\njj^3p 
J<GHi99ETOK^,  A.  M.,  PrbfesSdt' of 'Natural  8cien<fe'intlTf 
MV^teyan  University,    Middlit'own,  U,  S.^  .  *  ::  - 


:i    ;j 


I,  j'Fh^  If^st  number  of  this < (BiUiman^s)  jouriial  contaiiis  a 
4^icp:ipitioA  of  a  very  ing^ioa^  air  pnunp  iiivBii^t^d'by'Dr. 
^j^r^^., professor  of  chemistvy  in  the  Uii<^dr8ity?^<Dfi  Pdiixksyl- 
v^^^a^^y^ich  is  capable  of  perforauii^g  on  a  iBttcfa)iarger<0^)e 
precisely  the  same  operations  as  the  one  I  aihiisbei|l;  Jta  de- 
scribe, but  in  quite  a  different  moeiier.  The  next  day  after 
I  had  contracted  with  Messirs*  Brown  and  Francis,  in  New 
York,  for  this  air  pump>  which  is  now  in  possessionibf  the 
W^sleysmi  University,  1  had  the  pleasure  of 'viewing  Dr. 
Hare's  in  his  laboratory  in  Philadelphia. 

This  pump,  as  will  be  seen  by  fig.  5.  plate  XII,  has  two 
barrels,  in  which  the  pistons  are  worked  prQ5>i^el^  f^?(V^  those 
in  comnion  use,  and,  m  general,  it  is  constructea  m  a  similar 
m^i^er.  The  pistons,  however,  are  solid,  and  at  the  base 
of  each  Jjwel  are  two  valves,  one  opening  upward  and  the 
other  downward.  In  the  centre  of  the  firm  piece  ofmaho- 
ga^y^  which  forms  the  base  of  tJbe  iostrum^mtv  ht0t^ffo  btass 
tube9>  which  are  seen  in  the  figure  at  a  and  6,  by'theriemoTal 
of  the  plate  of  brass  D.  Of  these  tulles,  o,  commences  with 
the  valves,  one  in  each  barrel,,  thai  ^ens  ttpwecrd,  afnd  b, 
with  the  valves  that  op^n  dQwmvArdi  Now  when  eithi^r  of 
tlie  pistons  descepda;.  tbi^  4ir,i9< the  barrel  below^  it  will,  of 


*  From  Silliman^s  Anierican  Journal. 
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coarse,  pass  out  Ihroagh  the  dowttwatd  opening  valve  and 
tube  6,  connected  with  it;  and  when  it  is  again  raised,  the 
air  will  pass  in  through  the  tube  a,  and  the  upward  opening 
valve. .  At  the  centre  of  the  disc  F,  is  an  aperture,  as  in 
common  air  pllmps,  into  which  a  tube  may  be  screwed,  and 
directly  beneath  it  is  another  aperture  communicating  w'th 
the  tabe  G:  and  the  part  e,  c,  is  constructed  in  such  a  man- 
ner, that  when  e  is  upward,  a  passage  is  opened  between  the 
werture  F  and  the  tube  a,  and  also  between  the  tubes  ft,  and 
G.  If  thepump  be  how  worked,  it  is  evident  the  air  will 
pass  in  at  F,  and  oiit  at  O;  that  is,  it  exhausts  at  F  and 
condeases  at  6.  If,  however,  we  give  ^  c  a  quarter  of  a  re- 
volution, and  bring  c  upward,  the  passages  from  a  to  F,  and 
from  b  to  G,  are  closed,  and  others  opened  from  b  to  F,  and 
from  a  to  G:  and  by  working  the  pump  the  air  will  now  be 
made  to  pass  in  at  G,  and  out  at  F,  or  in  the  reverse  direction 
to  that  just  described.  This  pomp,  therefore,  like  the  one 
described  by  Dr.  Hare,  when  worked  is  constantly  eidiausting 
and  condensing.  The  uses  to  which  this  air  pump  may  be 
applied)  obviously  include  all  those  of  a  common  air  pump 
and  condenser;  and  alsd  enables  the  operator  to  transfer  any 
gas  that  will  not  corrode  the  metals,  from  one  vessel  to 
another  (^s  does  that  of  Di*.  Hare).  To  do  this,  it  is  only 
necessary  to  attach  tubes  at  F  and  G,  leading  to  the  di&renl 

fasometers  or  other  vessels  between  which  the  transfer  is  to 
e  made:  and  by  means  of  the  part  e,  c,  the  gas  can  be  made 
to  pass  in  either  direction  at  pleasure.  I  ought  to  remark  be- 
fore closing,  that  previous  to  my  application  to  Messrs.  Brown 
and  Francis^  they  had  made  several  pumps  of  this  description, 
with  the  exception  of  the  tube  G,  which  wae  added  at  my 
suggestion :  and  which  adapts  it  in  a  peculiar  manner  for  use 
in  a  chemical  laboratory. 


A>1NAI-S     OJ-'      K  1.  K.  C  ■[■RT  CITY    &?. 
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LI  V.     Historical  Sketch  of  the  rise  and  progress  of  Electro- 
magnetic  Engines  for  propelling  machinery. 

To  trace  the  invention  of  electro-magnetic  engines  to  the 
first  ideas  which  were  formed  in  the  minds  of  philosophers, 
concerning  the  probability  of  their  structure  and  usefulness, 
would  be  an  undertaking  which  no  one  could  possiby  accom- 
plish ;  but,  as  has  been  the  case  in  many  other  inventions,  it 
may  probably  have  been  at  a  much  earlier  period,  in  the  his- 
tory of  electro-magnetism,  than  the  date  of  any  contrivance, 
for  that  purpose,  which  has  hitherto  been  described.  The 
electro-magnetic  rotations,  first  suggested  by  Dr.  Wollaston,* 
and  actually  performed  by  the  ingenious  contrivances  of  Mr. 
Faraday,!  were  depending  upon  forces  too  feeble  to  anticipate 
from  them  an  accumulation  of  power  to  a  sufficient  extent  to 
be  applicable  in  propelling  machinery;  though,  as  we  are 
well  aware,  that  subsequent  forms  of  the  apparatus,  especially 
the  stellar  wheel  of  Mr.  Barlow,t  and  the  rotating  disc  of 
Mr.  Sturgeon  g  on  an  extensive  scale,  were  subjected  to 
trials  for  this  purpose ;  but,  although  voltaic  apparatus  and 
horse-shoe  magnets  of  great  powers,  were  employed  in  these 
trials,  the  combined  forces  were  found  to  be  insufficient  to 
keep  even  the  wheels  themselves  in  motion.  Mr.  Sturgeon's 
discovery  of  magnetizing  bars  of  soft  iron  to  a  considerable 
power,  and  rapidly  changing  their  polarity  by  miniature  vol- 
taic batteriesj  and  the  subsequent  improved  plan,  by  professor 

♦  Phil.  Trans,  for  18^3.  Quarterly  Journal  of  Science,  Vol.XIL 
p.  79.  Vol.  XV.  p.  289. 

+  Quarterly  Journal  of  Science,  Vol.  XIL  p.  74. 
X  Barlow's  Magnetic  Attractions,  2d.  Edit.  Part  III.  p.  280. 
%  TranaactioBs  of  the  Society  of  Arts.   London.  Vol.  XLllI. 
g  Transactions  of  the  Society  of  Arts.  Vol.  XLIII.  1825. 
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430  Historical  Sketch  cf  the  rise  and  ptAgf>C9S\^\^ElectrO' 
H^Dvy^  -of  rwaing  theiWfigaetioifiatiQpif^rfpgfiirwiifv^ABf^ 

ea«^ly.  and  ex ten^i vely  avtajlaUe  ^s .  a. .  ipae(^h$jcu^l  4^Q»t(t  l^^ 
H  i&.lto;  the  ingenipUB  Ame^if^Q  pbilospj^e^i  rfi^i^(i3^i»<^^ 

enfingi«eupon  ihe:pri^ciiplft:frf  rQQiprafl.fttwg;p0teBil|riQf)'^t 
wron.by«kctro-dyBiM»ieftUftg«l<oy.. »  Dr-  H€|o;i}y'«v.m»<;li*fiielis 
described  in  the  twenUe^b:  vdljtiwJ^  fOf  SiHufi#nJs ,  Awf  nwlni 
Journal  of  Science^  ia:a  l^^t^tp  )^  editpiiof  .th&t(^:&oeUtot 
p^iodical.    The  followiiiig'  wi  »i  cppfj^  ,<>£  ^Xrx  H«««ry'$  Jest  t^-rb- 

*'  On  a  reciprocating  ''notion. /pr^i^y^^q^oj^ 
and  repulsion:  by  Profes^qr^^p^qpif^.fi^      ... 

To  tKemUor^;^'  '^   —  ''' 

^^M>  •<".''  ij  ,  "Vi  i;^     I        ■;  1  ■      .  I     •'.  *         f  J  f  XT 

'^I  have  lately  succeeded  in  pirbdiieing  motion  in  a  lit£Le  ma- 
chine by  a  power,  which,  I  believe^  has  x^ever  before^^e^n 
applied  in  mechanics — by  ipagnetic^ijitlf  action  and  rejiul^jc^g. 

"  iNot  muchim^oxtance,  JbjOwev^r,  ia  attached  to  the,jipyen- 

Sion,  9ii^ce.the  article/  ip.it^  p^resenl  stiat^,,  cap  only  bej'cp^i- 
\fxk^  ,j^\  a  Dh0osQphic^l  tgy^  altlioiigh^  jn  the  progriej^^.^J)f 
di^qpyerjj  j^nd. invention,,  |it  is  not  iwppssible  that-  ,t^ «.  ^ame 
[fX}ppi]gl^f^qx  some  ipodjficatioa  of  it  op.  ^'mqre  exteiidedjscaje, 
mat)!'  hereaf tef  be  applied  to  some  useful  purpose.  Bujt  w^^j^W^ 
r)Bferfjjipp  ^^  i^ta,  Bi;af tjical  utility,  and,  pniy  viewed  a^i  ja.jiew 
elfect'  prodilcfid.Tjy  o;ie  of  the  most  niy^tefious  «^g^s  pf 
jiatiwe^^yw  will  wt/j?ermps^  think  the  following  aoc^^^^of 
.  it  unworthy  pf  ^a^  jjlace.in  the  Journal  pf  Science. .     .'     ..^v,^ 
^  J ,  ^'*lt  is  Wfilf.tnoyn  that  an  attractive  or  repulsive  for  c^.i^^^^;^- 
*  J  jcitfed ,  b^wq<?^  [  ]tw6  magnets,  according  as  poles  <^  ^f^exefxt 
ll^aii^.i  s^Dae  pames,  arp  ?re;gentedJ^o^^^^h 

'"   ^5^^^^  how  thi8,priapi|)^e,^^im;^^^ 

l.f^Opk^  ^.  J:wipinpcatxng  motion,  let  us  supppjj^^^b^^^ 
;,  tp.  be ^STOpprt^d. horizontally  on,  an  ?i3qs  ,^ai|sjp^  ,|?ijpi^h  ^^^ 
I  centre^  pf  jgrr^yity,  in  precisely  th^  §a^e  ,^nper  ^s  a  ^^yg 
\needle  is  ppised;  and  suppose  two  ptljer  maOTets  to  b,e  i^^ 
Pfypejidicularly,  one  under  each  pp|e  lof'.the  Wmpnt^'ipia^ 
.net;;l,a^^.9!Jitfl^  below. it,  with  their  nprlhTppleis  up^^^^ 
then  lit  ^  .^vident  that  tl^e  south  pole  of  the  Kpr^zontd  im»CT^ 
will  fee  attracted  by  the  north  pole  of  one  of  the  perpendiciflar 
magnets,  and  its  north  pole  repelled  by  the  north  pole  of  the 
Ptbei*\^'kto'st^telt-'WtJlbe  at  rest,  but  if,  by  %iiv  tieans. 


ol 


>i  •« 


O  x\'» 


^16  ifeve^ir^ilh^'j^lbritydf  the  hcitkotital  magnet,  its  pofiitibb 

MU  b^j^£(ftg^/Mdithe  eslit^fiiity  #bii^  ^as  before  arlt^aoted 

^^l  ndw  Jb^  r^i^dkd;  if  thepolatit;^  be^  again  rerisrsedy  the'j^oi^- 

•iiidti  will^  d[gam  h^  <^haiige<i^  atuidcoi^  imlt^finitely .'  id  p^dud^, 

Jthbti|ftforev  a^  (^^ntiiwaed  vibritwm;  itilsPt^ly  heoe«fiat»y  ttif'ifttro- 

^ftttt^^  iato  this  aarratigenient^  sofe)^1]^^tti^%  l^hich'ttife  pdlarity 

<^^f  «bii»i  h()Hzontal  magtl^t  cati  b«'4tisttiA<I^M^lf«i(yus}y  cbftvig^d^  and 

-  tJtiBLt  too/by  -a.  cause  whit^  ^all  b^  piitiiif  opei'ation  by  Ihe'motkm 

of  the  magael  itself  r  b&vtr  thk  ^ati  be  effected,  will  not  be 

diffiecdt  to  con^eiv^y  ^hmi' mention,  that,  intead  of  a  pet- 

manent  steel  magnet^i^  the  moveable  part  of  the  apparatus,  a 

'i^oft  iron  galvatMc  abjiaratus  ils  used  * 

"The  change  of  p6i4tHy i^ produced  simply  by  soldering  to 
the  extremities  of  the  ^iro^  which  surround  the  galvanic 
magnet^  two  small  galvanic  batteries,  in  such  a  manner  that 
the  vibrations  of  the  magnet  itself  may  immerse  these  alter- 
nately into  vessels  of  dilated  acid;  care  being  taken  that  the 
'  batteries  are  so  attached  that  the  current  of  galvanism  from 
each  shall  pass  round  the  magnet  in  an  opposite  direction. 
"Instead  of  soldering  the  batteries  to  the  ends  of  the  wires, 
.  tod  thus  causing  them  at  each  vibration  to  be  lifted  from  the 
acid  by  the  power  of  the  machine ;  they  may  bte  permanently 
fixed  to  the  vessels,  and  the  galvanic  communication  formed 
'  by  the  amalgamated  ends  of  tne  wiifes  dipping  ij;lto  a  jar  of 
mercury.  -    • 

'*^The  whole  will  be  more  readily  under$t;6od  by  atliference 
/to  fig.  4,  Plate  XI,  where  A  B  is  the  horizoniarhiagnet,  about 
seven  inches  long^  and  moveable  on  an  axJs  at  the  centre;  its 
two  extremities  when  placed  in  a  horizontal;  Hne,  arec^bout 
one  inch  from  the  nortn  poles  of  the  upright  m'agnets  p  ^ndD. 
G  and  F  are  two  large  tumblers  contafiiiJi^  ailute  acid,  in 
each  of  which  is  immersed  a  plate  of  zinc  stn^ouiided  with 
cf>TOer.     /,  771,   *,  t.  are  four  brass  thimbles  sol4ered  to  tlie 
'zmc  Aid  copper  of  the  batteries  and  filled  with  merbutjr. 
T'^The  galvanic  mdgnet  A,B,  is  wound  wit;h  threfe  i^traidiiiof 
/^copper  bdl  wire,  each  about  25  feet  long;  the  similar  i^^dS^  of 
f 'thfe;se  are  twisted  together  so  as  to  form  two  stiff  wires,  .which 
*  project  beyond  tUe  (extremity  B,  and  dip  into  th^  thimbles  s,  t. 
r  •    /ffo  the  wires,y.  r,  two  other  wires  ar^e  ^oltjered'so'as  to 
\  project  in  an  opposite  direction,  and  dip  into  the  thimbles7.m. 
4^he  wires  of  the  galvanic  magnet  have  thup,  as  it  werjB,,iour 


.?  *  Fpr  s.  .method  of  constroctin^  the  galvanic^  ipi^t|pQ^Qn  an  im- 
proved plan,  see  my  paper  in  Vol,  XIX.  p.  329,  of  this  (oilliman's) 
Jou|!»al 

A  description  of  Prof.  Henry's  method  of  niaking  soft  iron  mag- 
nets by  voltaic  electricity  will  soon  appear  in  these  xlnnals.   Edit. 

2A2 


432  Uiticrical  'Mtfcn  of  the  ^-tse  and  progress  of  Electro- 

id,  end,  9pfia3if)RfJl)',  addiw  a  Pmgft 

haa  l>e^n"It«pt,  up  foe  ware  "th«i  *ft 

iry.aiul  very, : weak  ;8icj4,  th«,  fjtftf^^ 

M:tl3ijtorn.,tl]je,njech4pic4a  awtwq  -frfj 

poJiepf  ,,;,         .,  ;  .■.,.,,.  e»moa 

1  pr.e^n,,of  Phiifwelphia^  taphqifrjji 
:hA^:,ip  moliion,  ,TeGoiiuBendfi<i,j(t^ 
m^^tr*.fpr,the  twoi>erpeiidicij^f,sip*fe 
yik,Jtwd  waa  to  lie.c9wtnjc^od(pf(te 
,^n^oubtedlj^  be  tbe,()?*i«.,^nji{W, 
la, be,  made  of  anj  wquire^- gPSWfe 
m,  intended  merely htQ,i?;|ii)fe[^ 
described  w  p«rfifl^„J)?P  j^»*i*o9rB 
•■    .'     i.--.-,..i  &iii  hnfi  :t9naJJficI 

This  ingenious  invention  of  Pro£c9talq  H^Qvy  Idbeffi^etV 
appear  to  have  been  any  further  pursued,  nor  any  improve- 
ment in  the  original  instuimeat  to  iiav^e  yfit  t^gii.j^ft(;fj,^pgu|h 
itis.fobvipi^^jhat  for  some  purgoaea,  >Ij^pe,^  rw^i^fl^iifg 
mdliioh  IS  wa'irt  ed,  asin  the  pistpna  ofi.pftpjgi  Sic;,  Jt.i^^piglbAcl 
be^ljFt^iS^tifltp  -pJAjf  with  more  facility  wiao  Bi(Ml*lttWr-i'*ffi58 
ol  ,Q}eetri^iBSgneUc,eQgiQM  Ibat  lutre  hiibsrto  (inadLeytl^iia 
a|$Majadceni-.i.-.i.-.',  .  :  ..--  -      ."       '-.'.t-i-;   ,...  ;.jv  &Ai  ai 

,diicili^di£kucfi(AaddMiffl;|)uhUidttd&Bma]|j^ll'4M'#l«te^ilfe^ 
speaks  at  con^S^FE^e  leiigtb  abbW  bal  Negrd^s*^Sp|ar(tilS'/ 
or  rather  about  the  unintelligible  manner  in  which  it  is  des- 

*  Dal  Negro't  wai  rather  for  experimentt  than  for  work. 


T/fOsnelic  Eneilies /or  pronetline  ^achiner^. .,    433 
cribed  j  apd  then  giyea  a  description  o 

hedPifliwy '  Una  ei&imitMin  s'  mm  ^ 

soft  iron  electro  magnets,  placed'ttfi'ii' 

««S!iWi.  'The'  Whole  ■*aa'aipyoi;ttd  Itpb 
fihiHe!^hWJHg'tUe'ft-*tr(i'VHifch'8t% 

^i^heft^e  tolator^  'Mefctlfd.iittigriWjio 
i%'ynVtte(Miin[t  '6rt're'ii<i*<?';*'i^ItlisPiii,ve 

d«^*3rt'ife^d'lii.'ith'i  fiftit''VMuh^'  if  I 

eiigtaeWas  p(nist'hlrt?ff  i'fi  1^2,' '&nd 
dftbfeelass  which '^a«fe  m^Scin,  to  wor 
Jij-f'tn*,  iddeed,  tiwhiiihtiili?  modeiol 
thi^  engine  would  df^W' light  l^ads  on 
*%'tf*ih  pietea  6f  iTTobd  by  meaiis  of 
iP<#ke!d\rith  cbjlisid'eriible'' facility;  ar 
were  of  smaU-  ilibleiiiibns, '  yiit  wheo'  i; 
riftilgHttVii(:e<};+ aticlfelivt/ldrf^'fii '^ItfeeJ 
^f^^pat^case,  W  tretftiitjtfte'-ttMtiii* 
dlfe  bopbftr  mi-fticS,  Siid  al6o"',t6''p»^^ 
«tkffe^' liquid^  empldyt'd;'  thff  ?tiiH 
some  considerable  tiinp.  But  (h'e'fi) 
lieShs,'  though  it  wottTd  last  'faiUb'y  11 
IWlAg'  i*>  energetic  as  when  dilute''] 
ebf^Verf  for  the  exciting  Hqriid  ,(tf  tW 
al)le't)Hr6  of  Mt. ' Sturgebn'b  -engine 'Vi 
*&ie&'ttlmeS  four  steel'  mi^eti^iyHii! 
sJtmU'^^te'  in'  c6nceit^  tnrd'iii  iuM 
a*rfFr*Wll^i<Jba  6f  fbup^^rticalBoft  itijl 
a«ofcrit(gBt  iAlo  Jflay  by  the  electric 
batteries :  and  the  reveraal  of  their  pi 

four  wires  which,  in  succession,  come  into  contact  with  tour 
^mdi'Sn&l  ;o^^  pjates.    'i  ■  m   ^m  [ni-sim   ^iriT 

-avoiqnij   /  «  ii>ii    Imij-ii  '   ■> !  'w.ii  oJ  issqqu 

^"^iUi^^m^icW^  &c  Vol.  I.  p.  ii.    '    ; "  ■'' "'  ''''"n 

af'*Pfte'WWVbfAi^Teamatedzi(.c  being  eWwied  ik  volTwc 
b4*&i«a,'WiH'K!faitridin'V<»l  I.  p.  81  '       ^    "^    "  '' '" '^'"1 

^tp-SViU.'BdvyiiAppeAi-a  t^  bave  bmn'tb«  flnt^lliM0li^''Wh^^ 
eauJbyediAwD  onaix^  (&l&se[itbtcm«g>^Qquidy«t3fi«is«gi!#»ittn4o 
in  Uie  voltaic  battery.  He  was  thui  eDabled  to  con>tru£t)b«tUnf|s 
«#:^^))9h»ift^  ftf^<«e  iBQtal..atdy.i.  ^i«li«|«tiii^(bui^e:^iiarib, 
\8l)iYiB?qK8l^-:    .fhil..TlH»:^?'lfe^k9fHt5»fcnoo  Jji  eileaqa 

-BiiL  rti  ]i  iW\:iii  111  ■■.■■■    -.ii  vM-;.!''. '.' 111.'  arf)  Juoda  lOiilBi  lo 


43A  HistonicaiSietjA^^rm  imAfr0gr^^8^<(^^^ectro- 

ist  oodtiiBied'  fcircjdw.'n>ptiw^/\m  ft^yi  Ig;^*  "ji^^felWf 
ddsoiib^d'ititi  a.notenporefltotiQd  to  tlii»  A^i^ei^y.^f  j^pi^Qi^ffajb 

published  an  exceUtoir«tea,y<)<ir0tec.tt'O*magiipti^nif|if2^^^^ 
ftnre^ir  teiSioU  ita  idif|)lloa,lio^  (as  )a  |itstia3Ktve9r,rm!];EH^<^WP^y* 
A  traoslMloniofitlmif siifli)ii ifiro^  ji^  KKencI^  .co^ginfiit^  bsr< Mji. 

oominatfcm^  at  pa0e«4OS^{  J^c^ifaKei^^iii^  <^0^8i6te4  of.euc- 
teen  mo&  iron  magu^tof^  leigbdc^Ct  w^k)h  w^^s^  /fiio^  to,,  aod 
>rdtated  i with^  a  /  hosboofoL  iiJ|f^  [^rfpi^^r;  ^Iba^.  pt^er  eie¥ 
tbeingr^xed  to  a  «[teady:.|r4m«rij»i«)icjbi!i9  n^^im^r.tHat  Jt^^ 
poifie9  Imight  be  -ailpooadD^dln^ .  t^ki^^e  uf^^c^  (Qi6sible>  withx;»]»t 
iieiB^ttoudMd.by  those  of  tb6nit)0Yte«lhl^vn9aga^t3.  in. their 
lotatiQQ.i  The  whole  of  theae(i|»tigB6t«i,'we(]r^  broaght.uito 
plfiy  bjJbux.vcdtiaic  tiougbft,  whql^  eleotvie  currents  trayerfe 
flpiialictodjDLotmg  wires  which  ^urrouiid^  the*  iron  bars.  Be- 
sides a  description^  with  an  iUvmiiSaii^e  plate^  of  this  engine^ 
much  Qiurioiisii0diiitfire9tiiiig^!inlbriQ|uCioQ«*wiil  be  found  i^  the 
soiskcisViessay* .     .  »    -:-  i.  <..•(-.  i        i   ,  .r<.  r :  -:  ,,  ^ 

c  Al)tJke!ineQimg^.o£  4hlel(Birit(i9bAAs^ciAtW9^  DubUji;^,  in 
fliSfiUy  tU/K^/J>  W<M&^ulegr|)todU0ed:aQ:  eleotro-naagpfetic 
'-engiae  jjv^db)  jiyt€ifct0i9d[  ^coiu^i^carabW/  \hi\mtiw.    Th?;  ;aut)tf»r 
prrfpfU^d)olQ)i9^dmtol)rrM  pom^  \]fy  ^^^T^l  impxoYi^rf^i^s 
^MhiAliie  4heU  .l}adliQ'  <^ntenipfotloii«'    At  the  m^eti^g^fat 
'  BKifibU)'tfa^(fqUQ(wki^<^  yeari  Mr>  Mc.Gauky  ags^ia  brpi^^t 
foDw4rdrbi.9<$iiglnb^.ftpd  d^adledan  ^t-enaive  series  of  oxp^i- 
mettli8^»:ihfi'>]relsiiU«i{o£  iwhich  did  not  hold  out  to  him.on^h 
« fortheiiprqfsppctbiof inillhiog  hif  apparatus  dippUcabU.  to^n^ral 

i8Se.« '}•.■■;.'»  "fjfffpr.rr-f  j:'  ,     *•- 

t    PrbfesaDfrtiGa^I^iii  o^Maynooth  CoU^e^.  who  hfl9  ^tt}ia]b^ 

'  ppae  itfilwiible  p9(p0cB  :0tt  electro-magueti^nift  v^as  :C9B3 t^tvig 

•a  laz^d  edging QitithiS'pr»iiiC^)le  in  Junt,  1836^4:  .  Tbis  9MV^® 

'  Jim)tffi^itaiMQda«the' latter  end  of  t)be.ms^l|il9^^^]^)Mlilfa8 

<  fomsidilefcetihr^iin'^its  first  fbrm :  buA  by^a^  ne^.  ^ijupf^pbge^pnt 

vi^  9&)7eii»pid  ii^tMlionto  a  wheel  w)<i^,wc^he4  ^^b^fOiie 

iniufeed  spouivils.g     Frocn  the  i»:o$p«(^t9  affi^iid^  by  tlu^  ^wall 

en^Q^  . Professor  OallaB  was  ioduoed  to  firoceed^fO/fhe 

.fi^ni4^tiire oloaeof  much  larger  dinien^imia ;  which,  w^s. t^ be 

worked,  by  forty  oleotro^-magaetSy  aud-oa^p^ted  to  p^^la 

*  AmbIs  of  £lectriciily^  &c.  Vcd.  I.  p.  4}(k 

i  Ibid  p.  409. 

i  Annals,  Vol.  I.  p.  378. 

§  Ibid,  494.  J    . 


"vy\  \'> 


^^^^i$^^^%i««»/df  j^fe]piiW^§^^  ^86 


•Y'^W#<9^*rfibei^r'1^6^r&^Cfe^P^g^M^'*Mte«^y  Uflnftrf  Stated, 


~di!Kd' published  EB!  a^eouAt*^  his  pi^^»^'  Jil^tfaerillraieTOBan 
^mar^Viy(<^^d^iie,^^t^^  ;  The  revolviag-mh 

-'i^I^r^-trialg^b  a$i[Mif  ^l(ild3bi^4ti'^t«)cmtrfvan^  itfae 

^hbi;jse^sli6e^1^i»<f  %i^«i^ri«fag^3^6Qfiftrtte,  oi*  tadiiv  iiti(rigttt 

^M^  the  pofefrOtt<fwiai<^^WfldineMy^  in  the  cirouhifefeuceJo^  a  'eH-- 
-^M^itr  #lii^h  fh^  iftdr^kaHtt^i  n^agti^td  at«fiK«d«  IDr.  Pager alen- 
'^fictii^  k  tdi^^  ^^ii^^>^^M>£er  was  then  ncfasirmtiAgj  'wfatife 

'S^  these  AttnaffeJ^yo^/ liCpj^&l©.-  —  -  >'- 

^"  •  fii^Ai^rily  j'  li837v  "Mtv'Wturgei^ii  mtm&xmeA   hte  hsMring 
succeeded  in  propelling:  a  boat,  and  also  a  locomottf cn'oarktaire 


ol'Band^V  i^Mr^  >R«iitlafid^  <  Vi^s^noftt^i^^efi)  j%ates/?9nve 
it'fttiti^nced^inlite  A^^i«^9  idar^SsAmf\S^i&^d)^a^mi^ 
^^1837\<8ee  Atiimls  of  EieNykrieitjr^<Vk)l;iIIv;^.  J^Sflf).  eSnnlwfflmt 
^^^tii^'^a^ida^  aceicyunts  ol  thede  etig^s^^^vig^iBlp^^MItbrbAj^h 
'jW^^m^  meditidry  ^tkd  othdrs^  ^'  ihk^modfuipi^i.ithi^'Jfoaiiial 
f  Wfli^  Ftatllditt  Institute;  all  of  ifteck^hl^if^ieaitt-aiiilftaared 
^^'tb^^auef 'pages  <rf^ih«s«'AnftBi».  (S«&^¥ol]'nioj^^:rcj^7i--284, 
J  3,47,  ,&c.)  Mr.  Davenport's  efforts^  in  bringing  electro^Bivg- 
' '  iieiic'eiigmk^  ioto  tepnte,  hav<&  beeh  stoongl^isipmst^dLUjr  the 
o^$b^h%y  aj^'^atrcmage  of  Mr«  Ibiii90m€!(^]^ej(4adithea|fia- 
^^^Mi  Mciies^^h. '  \¥iiieh  tk&f  mmf&i}9^tiisiji\i^j  bfeml  the 
^^ltti^^»#fi^i«^^g«ti'^ct»).iiiagM€id  asiK^^ektiiotDiiil  Aimlenoa.* 
^^m^¥^mBLtf'  '1^7i '  Mv.  Dav^updft  seoai^di  tMl^Jifaeviaan 
f^^pto^^  libi^^lh^^a^lkal^m  of  «le<$tm*^ftfa^eteiBpHrto«b(^  Iro- 
^^jj^gk^  df'i]^^i^i^jft^''iq  his  owti  «raifid;t  aaldfin'tiife^SaiinDher 
^^bP!8fe,^«>Mr.oCdb«ftbi»wa»  flent  *<>  thiswai*r3r'wi|irtqMh»o. 

^  ^|(fid<^jof 'i^edoifilig^^slmaar  pat^&t:  fot  thcfte>':i^ealn]pj$  i )  W^^re 
not  aware  why  Mr.  Coombes  returned  to  America  without 


accom 


plishing  the  objectf  of  bis  mission  f  but  we-iaui^ne  that 

*  Annals,  Vol.  II.  p.  284-  '   !  7  .^ifi    i^    I 

f  Ibidrp.347.  unJvJl   . 

J  Annals,  Vol.  III.  p.  156. 


436  j^Mforj^^f  !^^^'«^'A%*\^-f^-*W*  Jtff^i&i^^rtro- 


fS§S  R^H^fi^l   ^Jnl,!-.-)-!!^    '.i)-j7Vl/-M  .T'ltllul 

Wes  Qf.asj^^sJitrtlllnfegBfatirii  Wejre^rifiil 
aril  j(  M   II       ,  I^f  B- 12J,flfiU(SWA»tl^<»ithe'JBaHica-V 
ova  account  of  tjiia  iii8truine,fity,|i  ,!i  hoil^iiqino-vji;  ,.■■  i'  ■r-i'nilid 
All  e!cce^<lihg^  iogenious  ,{^%]i0^4Bt/(^  ^otintniagiiErtsliii 
of  &6f^' iroii  was  invenled  b;  tI)  I',niwjdfiii>E»?ii«rf  :SHl(a»ftjinfi 
Manchester,  in  1837,  tuid  described  in  these  Annals  in  the 
January  No.  for  1838.  (See  Vol.  II.  p.  1220  .The  bars,. m. 
thisibe^ntiM,  in?tnil»eit,'tiM'^#'*i^^aai^  63ii^diitioii,^Buir' 
the^nmi^oBitioft:' «f ">thfcr"liolSrl(^"'*efe«W'^tfj'"'W  exc'efe'ii-^.i 
ingly  ingenioDS  contrivance.     Mr.  Joule  proposes  to  apply  his 


Bcripti^A  'ra^&'ci^ompanied  by  two  neat  ligures  of  i^mtiiitAfci. 
Qtl»er,^i»Uii9i«i»«'phichihfci#afll 

^i;),,ijpnfti^  Qf,,fpJit,>„Biag(lf!itfito  lAileo 

le  Y^tl>,  ai»eiiie^|oSiiptereMa®exMl9n 

tfE^aJQ,  will  UeifpiM^diBt  th.e>jftHerjbB 

||,  .,ji  j         ■1.1'   '-:■  .'!  -*■ ''  '.{iiil'iD'i^^ 

f!^b^;a  seryprettjhWrwigenMiiitsiK 

in  R.letteiito  tbe^it^iof Jtheiam 

if3uf)9  Ut^  183S.  ;;(Sfift,lAnrfeli>^90 

ijiey^a  .plan -not  m\s  tJi^arifitoOriEi^ 

but  appears  to  be  well  adopitAifar  isq 

opyeflhlf ,  B^^^^% ,  i^sHj  -^gbt  giiir 

bthe  usflRl|WffQpc»lft{ortfeei*Mwfe  sAi 

;  andarrftiiB^gl,WW*bt^3TOMBrf9(ll 

ivolving  central  shaft.     I'ifejMAsi; 

— o_-,.  _„.,..__.  -^^..^  _j^  8niBH[nb^,Wflt.»lao!Wrtui9«iI 

in  ei!rf^'^<^t)^  eitoii'nij  the  .circle  describe ;by,tiQ!QH*M  pWifcao- 

of  tl^Krio^anfe  pjies^  ii>  such.^  ui^w^^th^J^^^^t^QB^aiAfffoH 

magrf^'tJi^  ilpVa^fe  ^mutuftlljc  on  each  otijeijofld  Irtpdoqwo'/I 

rotatoW'tt-ffii^A'.'-'-  ■Seefig;,9.^^te  U  VttL  IIL,.  v  ■.hii^J^i.^^i  bH 

A*iWf  flfe'Miferpart  of  the  yeaa:  1831  a  variety  of  ingenious 
contrivances,  in  thejorm.  of  ^otatin((.e;}gy;»^s;,w^^^  bfl^e#li* 
in  t&^*'cfiS®**^^_'^^fbspi))ii^'^J  ';j|iat^u(if!^t  ,ffifcatiara's8hoftetBiiJV3H 
Ixm^n."  '^S?i'?rS'ef  t^ein  ti,ad  ,fliiBi»t4w«,,saW'milfai-r|wni|»»j'"i^ 


Phil]  ,Ms^  roil  Bfebnwfy,"  t«38,"%biifiiMKfe'iif 
th^^csBifefenne<Qft-^[cit^j'>afta>T<S6Ft'"M^V 


th^^csBifefenne<Qft-^[cit^j'>afta>T<S6Ft'''M^lL 
r)_i -j?R.' 1..  t;. .   I i-LJiuUa  uJiE'ja 


Palmer,  of  Newgate  Street,  has  lo^i'jHya  KtiU' 
grea«i'aH«J-of}o(aC?HgtWn«8J'w^li-'AM'iya.': 
chioflrywiiiDhBMlkepe  iftiid«t*«Pfcy"fli6ihi'"  It 
bablB4hab«ic«[r>iildivlS^»^tli»UM^t'  U^ei-  h 
liarib^iti'tU^  iiuld0:^r6t^^i^'itHis^cl^6  Ofspt 
W«ndDae''t>iiH!tg^«fi,t  fcfetyrlBa!  'flkelfch  'of 
hitherto  been  accomplished  in  th^-ttpf)licarion'  ol 
netismasia notiw  ^rfei*<i'#$ltf ihe  following  '< 
anqiheHiingeiiMow^lioBtliipSiwii  \}y  Sft.  Jonle. 


IwVo*.'aP:  ^i  ia»'^'Voliit''tet^^tS 
c8ti*n  of-tnitWi  deStSiSbirig  4  W^tldd' o 
netiff'>eiigtaea,  *Meh  T  thoUgM  fiii 
adv«iAb^e;'^Ih6pedtlikt'«heh  tht-'^ 
structing  vas  finished,  I  should  be  abl 
accdOBtiwfciwiSnt^i '  ■THe  engine' 'WtiS 
mertfUt'treigbsiyf  Ibtf.  ^'TltntrSD^t 
ceedWnin/deWlopi&g,  o*  working'  k^ 

eigfatirtftuf^ritifh'  pktfe»' war  edufil'  C6 1  , 

per-mlrfwtffRl'i'  •^;'"  ■'"  "'■  '■■   :  ■■"  '-■'■  , 

'IitieJfi^-idC^io^^^fet''of  the  engine  con'^UlC^  S^'tAg^ua 
the  ^gttd^k'  'bdl^Vitih'^'H^le's  Was  much'too lu^^d^'^tigirii 
the 'ioaMieWisbi^  li^^'-feiili  fewfer  in  number,  a^b|^g^  j.;, 

Ibrw'iieMi^f,  )b%kr^'  I'ttttempted  td  nialie  a(i()tb^,^Dgu#>.^  ^i 
lO  sstik^  mjeelf  1)^  ^kp^liAetits,  conductedon  a'sir^l]^^  wl^j  \a 
howt&tfit  WW '^^ilmtb' increase  tile  veteci^  of;jc)totoj%o  b  m 
Now^oPfthe  kUBtijf  lHttiga>hich  pieteilt ' an' ^firi^^5^^j^>afiy,^Joi 
the  resistance  wIu<!birM'oppo86^'tb{Q6^m^tantai)|^^fi^^^^ 
euain^V.iu  !.■  ;  :-!i  '  ■■    ■        ;■■  ',;,'..,, „,^,-nr{j  ni  .EMrr^viilnoo 

sccuratdff ni«a«flte(l  wsd  rvctoneld  n  t£Q'toB<f^  %Jt'^S^y  °\M9noJ 
moviBginuqrnettt  WIM  «6duC  St' f»^  (lef '^ecdHd.  " 


436      HisUmeid  ^kaiieho/^tAeri^^anayfnyjgiigiSt,  t%^  \ 

tion  of  magpjetism  is.of  rconsider^ijble  ii^xpo^ibaiicenjit  tkittkl 
shall  be  able  to  show  how  this  may  pe  obviatedo^jsdome 

mfwwre,  .  .-  *  . ,         ^         .ossify 

The  power  of  the  electro-magnetic  machine'  is  mucn  m"- 
eteas«d  by  the  iii»€(itiiot^bf  4^ibt»idli»  of  "vifirea'iiM^Mddi^yblid 
ittadktL^^f  iron  iiU6>il8>^h^<^i&r'{)hetiO]|i<iM>ti'  is-  evvd^nAr 
o^esdoA^d  by  thi'^etHiiat^t^tiird  cftt!tui^wiiim^^mh^^^M0m 
Mv:^fntg(don*Bimkgt9Alii  UmM^tb  iC^bmse'withgreJlte^-kdvl- 

With  a  view  to  determine  to  what  extentiitlie  Tvldifit^jfief 
rotation  might  be  i&k;t«a8edi^y^)^bllM^^(tf)iR^i«^ibiagiiete,  I 
consrfructed  an  apparatiur  as  r^rdifetflid  tty  Q^l^  Plat^  XUi., 
whe!re  n  6;  c  ei{^  are  the  stei^  Kii^gm  €i/>  bratli.tscftierbs 
with  very  minute  holes  in  tlMii^'^ndi^  ito>»eeeive  th^^flne 
points  of  the  steel  axle  on  MrMeh  tSieieleeCfo-^aagttet  Mm  is 
fixed;  g,  h,  are  mercury 'CUp»  t6  donneet"  the  vrkta  fiiike 
electro-magnet  with  the  pieces  0f'ws^ch -'spring  a,  ^,.whi6h 
dip  in  the  mercury  ce)>s;  'U^,  1^9  ^lure  'wtre^  which  ebnnsfet 
these  cells  witth  th«'  htett&ty ;  tb^distmiee  between  thci  ]toles 
a, c/was^ight  mcHes.  '  i-had>fdur^ebel0DJdaigat&^^ 
with  their  ifpiildles  &t).y  cdald  witbi^xf^t  >evp^tioB  bB>pat 
off  or  on  the  machine^  by  means  of  the  sarBw^eifi  ii^rii 

No.  1  elefcCro-m^Q^  Was  made  of  a  round  bar  of  iron  1090 
grains  -^ei^h^l'  N<o.  2  of  nineteen  iron  wires  of  about  ^V  inch 
diatn^tei:^  Weighing  642  grains:  no  particular  pains  were 
taken  in  annealing  the  iron  and  wires  of  these  magnets.  No. 
3  and  No.  4  magnets  were  made  of  iron  and  wire  of  the  issme 
quality  £^idMdim«9^ioK»B^  but  were  aomaalad  vfth  vaot  gr^at 
care  by  a^  firoee$B  ixi  use  mxifmg  tl^e  jp^^nufacturerB*. ,  >  Ejj^^  of 
the  ma^eti.*,w!a0  &:j9t  enveloped  with  a  dp^bl^  e^^^ji^  of 
muslin^  and  then  wound  in  the  same  mfiimeir  witji);  ^^^g^i^jards 
of  copper  wire  of  4V  inch  diameter,  well  covered  with  silk  : 
'Ci^tt^wtawtektorto^lnaJLettfae  *fri^^  b 

•^e»dl.  < .  :):•"'•••;  .  ...  ■  .'  ■  -.  -  ;,!..  ffi  ..vit  >jy  bmihbb  9d 

i  H^e  ace'  4die  Desolta  of  some  eacpentt^Htftii^t^lty^il  «^e 
'Wth^iis  apparatus.    Th&  nomb^Ja-giF^ib^viL.Qrl^teii^ 
revdlhtions  per  minute.  1,7  ^voiir  L',\j  \o  jirocJud 

No.  1.  •  -N0.t».^^''iNWi3;r.l  ,J*ftl4. 

baUeries  arranged >        IMS         2T4         38*^.M;f^»l 


for  intensity.         j 

*  See'  Mr.  Sturgeon's  Theory  of  Magnetic  Eleelridljil^  Vol.  I. 
p.  251, 277. 


DIttoiiIj  ^ith'»D«[6^kBp>i  '>  Vqr*'"'  ^''\^-k'^^  '""y^ll  '    '  'Sob'  ' 

Mean 192  208  234      "2«" 

[)il6Ebeih9jjQs$]^iiA«o<« jiK^0.i^  with  simi}^ 

^ilift»/.<iiiid  eT($irj  pn9iimf:if:iQ»iW£^tok^jt(^gttard9gaip5l{#r)i^ 
iI^/olfetito<il  ip^ftbi  ^i%a.t^>  s«kftitieftjiKb»©<ithfl9e  givw *^^^, 
-#lMcb,tI/f:$i$Gt#d.r'.Wk?ti35  (tie«Mwe[  lu^oiijdiraot  qouat  -tlwii, 

and  partly  because  the  resistance  of  the  air  began  seriously, tip 
:aflfeict.thera8ttltt»i  »r/.'^>  Murr^  (n  buiiino^ -[•  oi  -'■  j  ...  /. 
1  .Some  itU(»ifracf0>sbwI4xbefgiji^i9li>,tQ  jbbe  wire  mf^gnetaj  fi^r 
,.>frhlk  Aev'ii^elgiikfi  ^fl  iw»iy«fe'rll^itt  wd$.  liitte  wpie,  thaiji  jialf 
-^thml.in  ^erotbt^r^,  th^ur^l^k  afi4^  comeqxkmWy,  tha  isesi^tanoe 
Ma£th(e;aii;i^iMWncdihfi?3arti*-;    .  /         ■    -. 

<<]  .vfhe  &ppj:k«^  and.  riiodksiijWDi  brieaking  the  batteyy  wci^t, 
Mitens  hftrdXy  senaible  Id)  ]^r  JiJ  twice  a9  great,  atlea^t,.  m 
f  INd,  2  and  3 ;  iQ-N/*v8:ya^3J  w^tqi^  little  greater  than  in  No,  3 ; 
T^buiiiby  ftjr  thje  in<»t/bsiJliaM  wd  pow^r^  in  No.  4. 
"^  j:v  J^  intend  t^  rmltkdimiQtJi^i  ei^gii^e  »QOttgi .  aAd  shall  con/strui^t 
.sibsiifttBLgsi/^  s>{  wm^  6sQiKRifr0m'ric^^  if  I  We 

Tnqof^  8U)ece8a,vitbiatijMnI  hyb:w\th>ny  laHsilbiyoiii  ^h^Uh^^ 

from  ikie  again^r   •  r-.r  i..  i-, -,  ...i   y  •    '..u-  '-,;  ..•  ./ji   .,.;    . 

ihiU     .  7/  .1'  ■:■'  .:    ^.-..:j')  !()  !;  ,y^ur^ fpc^^i,  -'i..,!  < 

^Y  '^thefndfic^  and  JVhtmal  PhilO^pAy,  <&t^fth^tjpmef^ity 

•  Mil::    i*  ij  .7       I  •';     /«  '  '*    ,        '  «;     ,  -      ir.  *-:';  ■//    t    .*o    '\ 

ai  l^fe^apMc  ^0^lnlfiunicieiit;i(m  may^ia dtsoi[ii»tigeii«E)iil; 4aose 
be  defined  as  the  method  employed  by  one  individual  to>fiin- 

^i4»  l^nfk&lt^i^YLigMB'  W  othftrs,  snd  beingv  iwhes  i^ievtd  in 

^'c%hls{%fat',^^W]39%tt0l»s^thitil}ero4)ttrse.a'i^^ 
but  one  of  the  most  wonderful  gifts  cf  natoscb  rBOtuto  /vmn 
.ktloMi^  buii0/a0nim<Hi  with  him  to  all  30cial  creatures  is  granted 

.'3l3v0)Gi^ulty'»E>iionmiuiikatinghis  sensations  to  others,  and  of 
Q^iting  in  them  co^^Hions  similar  to-hiEOwn,  CkwiMUriica- 
tion  is  the  most  powerful  tie  of  the  livkig  creatiom^iitMimects 
one  individual  existence  with  another^  rcij^oduces  ii^one  w^at 
tC^'^anted  to  all,  thus  formiiig  out  of  mdividualUt.,^  sp^cies^ 
which  in  their  turn  present  themselves  as  organic  liaingfi. 

I       f  Transkted  from  the  German  by  Julian  GuggsMf^rthv   • 


440    Dr.  Steinheilv  tAp<iA  'Tel^gntp^iic\^mmication 
iiolih»mk^  Risnrcdinpnptbiiig/  ih  AtttUfeqrJK^i^^llTduMte^f  ^^l^all 

I^$i9^j^)abdebif)hbrfed(ibicrDrijPp^  «igtll^ii^!p]i&i^i  ^1^4^ 

^riedlpoeQ9)ilili(fcsofil^Nl6ciltami^ob»4l  W^ha^^^^^ 

4^^l9pm6nt. which) ii'^th^.tfor^^f  «{«^cb%tid^ WAliH^BSj  ^ 
B(»^€^  [PtuthM th6<srfia«dh  vl  liis^)mpb#f«iifi^«»i^;^af^eM(^^f  4 .. 


i^  Jl0.itd)e  mnchedked  raa^ii^it«$nf]»iildl<>')Aiid  ^>^N^^ 
laj9>  i^^cklesr  cm*  the  p^ssinig  ldott&d'>liihf(l''t^(^n]« 'l€^f{^S' 
fl^irtifl^.itiiae,  so   in   like*  .marihi»i%i*<r"  the   remdtteitt^^^s^ 
imom  ^  be  anoihiladedand  Irhdighllb  >t^>^  Mt^^rdldrlgg^ 
injm  kistaai  with  those  wdnr)*  ^^^mi^mk-^^n^tHM^^fl^i 
tbi*do.nDt''howevet    lie  .(di««ctlir't«i*ii^  %iiy'reftte,B^^W 
b^.th^  J^p^nt  obseryuicb,io£'th<e  )powei^  lmil>fbe-  ^^dtiiJuA^ 
o|^»f^  wie  rTfiidei  rtbdae  ^sbb^eiivttat}^^  tttld  ilikk^  ^^! 
t]^(^9»}»r|rof cRosntbodghtsjwiid^itii*  tfai^^^k'^hibh^  M^^ 
ot^fi^IfiompiAlioiilirf  tii&'wbcd>^jM-m]e4^«l^a{ASi!r'  cf6Wi^ 

eJ^  t|]^irori9lilh9(^  hEyB-appeanrml/icettii^dtlBid  ivrith  thl^^^fiSbS^ 
ject^  we  see  that  the  natural  phenamcniiil  «hUd= Appliii^atAef^i^M^ 
tp^l|iissjfm)(^AfiQU^t»io  rei}K>t0  distance!^  are  fo^^ijdll^hs 
fefi(^(^rnumbeRi>ii<)^e  likeWw-at  4he-MiiAe  time  obsei^e'^Sffi^ 
th^oh^ie^  ^)tlM(i3ig^q^)iepfetei|)taiftive(»'0f  tbe^id«ad^W^t$it^^ 

tliflif  ftoefbrf  tiwBprojpqaBdJ  wiea^  i  appear  -  td '  ihlouH#  oto^^^*^^^^*^ 


a^  ip^^^^^^Uci  td<  haire  in  Tiew^  ■■  vlt  tta^Mttefiid  b^t^gOi^^ 
sid«f^§U^mt)1»ti»id'  anotha^newi^lidiMibl^  m^§Sg  §^€6^^^ 
refif^D^^ifig  toit^se^abeady  knowti,1eithm|t«i^Kitate1^^etl[^  ^ 
tl^H  9^  Ml  (S^ftxother imcihods  bettttir  mxttiid  4di«lle'»fikfi5MP^ 
and.f^gn^rr«mpliQity.  The 'l^oT«l  «4^iMbIbi6§i$§^4bti^^ 
h^k^^t^VilhiU  tbe!ottl»et  what eoadMMirfi^tea^^fis^^ 
ingQ^p{^l^(j(^rAphic  Dommuiiioarip^o»«iittWP4i^^i^^ 
wi|btbWy['^et^lio» 'i>^k:^  th^  prooti^'  s^cafilM^W^ 
th(ehf^{!})imeit9ri7  ^  \bsi«AjaT.iri  mbst^  ^ebls^f  tis^  i^^lli^ioF^ 
cabOfiMrft  vi»tL  vit^^fiffwtrfsoggests  iluMi^tO'<a£i/fiis'i^iPU<tif^^ 
fo|i^i»  i(]^  jdeifk^f  yrkafct^^hiKveliiii^iBWci  4^M  tis'ii^  mdM^^ 

tli^'c^H^BV^fo  fei  ii  ,tob  f^iv.a;^'  4i  i.'-.t-  ^-."'i.  •»..  en  u>ii  auw  siarii 


S^\M  ^W'  ,t^logra$>Ji  Iwis^berfm  tompleitely  able^to'  bifito^tfl^^ 
^  oep  ',q£,  4i!§|<V^<?tr  i  ^Igpa^l  .>  viitihoislt  1  reftectiogi  thkt '  tbiib)  yfid  ^ 

employed  in  groups  properly  combined,  is  all  that  WlPifc^fittf^ 
In^w^^jjlqijl^likil^.jl^ft^  ^e . 

bA^^I?^^^*^  ^"^^^  .JU)toto)lottaMo*»}r%J!pi|^taf)^BWa8xi^^ 

Ti^^Tole^ucOi  tbes9.r.9iKi  diffe^tb6^iip)ix(e9^  kc^oOi^^ 

of  ^§sft^  m^^iif^^^^  Ijfeing/above foui!io«thWiS*f©t#to  Itf « 
thj^^^i^§  gfi^^Pi  i9feljgA^theBnu^iBX!8nU«Dmtsrtb^ 
l4l^j©i!^ff6^rf«^©eS^  !WeiiBtf^ofi6fii:^fea«Sa^*K 

^^K^i-^^o^D'^i^  lJ9lim  ]isaiaaG^Qiis>tl»aitteJ^s(l^lted  ^  kW^^ 
bfgftj^%§fft^imft<*f ^^  iWDidoyea  ia  i«ir'W|«tt^fl4«i1tgg8^l^«« 

^^]^Q^Q:^teieo}dqi«iiJbei3ufiioiB^  ioiqA^'m»^]^i^^V^^B'^'' 
-iv-n^fioilf^fe  thfi)i9i^q  W  Bsisiihj)l6aiU3wpiaMlW©ii^ 
%oiqrta9^m  8^  le*^.^m.ibfl  distingiiSriMfl  fe^  tfcrtr9|pWlrtS«i^/^ 
thSj^i%^qi§^y,gfey?.i5)r»rbfflag  «hRMt«0rto»aagll«  M^  A«fiilt»63. 
o^^Sin  ^^4f  i^  leas^^an  unddvsBtaEod/tladiis  Ih^bi  ^h  <igi|Oi 
there  was  not  to  be  more  than  a  single  dot,  it  is  ol^aKV^^iri^^ 
could  be  but  two  signs ;  if  two  dots  might  be  united  in  the 


448     Dr-  Steftih^it,  upbn  T^t}^grapht\i'himHtnication 

nntnt  sign,  four  moi^  fiew^igns  wbutd  baWl  ^''fei^'gaa^d'tb^ 
two  above,  eiTingr  in  dl  -tfter^oi^  mic  d$ff<»eiit!  &§^V  >  A3i^tiffia% 
thatthtie^  dot«,  biit'tioii^dt^/mtja^ht  ht  bdnbtii^a^fd^^B&^^^Mi 
«rb  fihoAld  get  eight  inf^^^tioh  to  the  SL}^^l>mlk^^m^§^ 
iii'&li  fourt^a  dii^eiiiot' ^%h^!  ''^<{)|^idg;^hitfifi^;4h!ilV9l^ 
doti^  dan^be  united' ^fotl^e  i^  t^uld'giv^^iM  M<^le^i^tfi6fi3 
kig^ny  toAking  inaUtfher^f^er^th'ii'ly,  el  iiuhiliet^^<ii^ie!  emugU 
forgitring  «iot  only  alVtlblift^eW' but  flie'tltttnetrfi  ifik^%^. 
Two  fifigns  may  h<yw<dvW^b^^dtop€ftttM  '^Mi,  if'in^^^Jd^^^'kL 
second  sigfi  a  quick*  l-e^eAtiOti  c^^i^'^ir^l^Ief 'bnb*is  ^tiiplR^^. 
Hence  we  see  that  ohe '^nf^^a'dbt  ffi^^i^^dl^;  e>npa:b1«ii^Wfo 

rfend^r  writing  with  greater  odiidfe^d*^'^*^?'^*^^*^  ^^^  <tf  ^^fe 
various  mgnd  we  orditiarily  ni^  ^  hiid' what' >(M^ d6t  is  'iets  ^^dfe 
tnnpleHtsign  for  writing,  a«^  mntid  iM(^t%^th:'  By  ^^tt- 
tion  and  by  combination  we  may  by  habit  form  a  IfeiiigSk^ 
intelligible  to  the  ear.  "  •  •  *'  ^"   ■     "'•   •'       -   H 

We  are  now  therefore  enabM'fio^ltVtft^'tte  eMdftionsr'WhMi 
a  telegraph  of  the  simplest  poi^sible  <$dndti^ctk>n  tnust^fi!^. 
It  need  communicate  bat  a  iingte  iign  fcti^mtist^  gitt  ^Stjkt 
with  the  utmost  rapidity.  If  ft  wa^^beei(^'*6  h^  •  tot^  \jf^'hi 
•the  «K>stcoav€AQietft>m^iaK)df  his'feigi^  bh^]^  m^m^Udikik. 
--'-^'IM^  b0t;^  ebqttitie  ki  ^Udc^^km  t^  ^at'  ii^^^fA  ph'^>rte^n^a 
<#ef  ifla)il<4idiM^ep^e^0UfrB«-iii'6'^er  to  nk^k^'tUis  ahigle  di^^Bd^e 

-    OgM^biiml^^liitfrtMly^ppM  Its'^fiaiA- 

misBioiy  may;  iV\^  'tt^^i  be  co^^idefred  ad  infitiitely  ra{M  Mt 

we^ahail4i«vebibi^able>toih^e  it  affect  nidref  than  06I'  i^hft. 

Moreo^tiri^iitg^tbtlhe  <»!  lierigM  paHv  it  takes  and' th<^  spl4§^l 

^ape  <rf  tbe  mt»f  h,^the^  a^e  ^ert^lti  }imitl»  b^ydnd  n^k^^b 

fuse  is  hot  >iii^^U(idbW'  A  ti>legraph  whos^  signitls  a,^'ibitllded 

•Oft  tbfe  isse  ctfilitfct-tatt  fberelwe  only  ^ammunicaffe^with^tter 

''i»tatiotis:iwhi^if«be^4tt;6&tion  cf  the  observers  etHliysW^sflftt^te 

^  iS^WMri^':ib/dt,iu4ifeillhe  distance  Ao^ttat  js^ceM  '^^Kit^e 

^  ntin^bel*  6f  ^^W-  J^nd  Nrben  the  weaf h^rUi^  ^ftMWlifiBJ^P  9^ft)t- 

'  Wilthi^a»din^  )Ai^^  very  confined  limitd^iiii]|)6§^'&ri'^  bfal^PAe 

tl^tegr^  asr^ddostru^ed  by  Chap|>e  ha^^ii^WT^h  a'ft^vMlUe 

reception,  and  since  1793,  when  the  first  telegra|^hfe'lfei(?'4fis 

eatwlish^d  fe  Frattoe,  been  very  g^iifei-Wly^kd&tj(fed?''iIt  is 

vMdHirkaible  that  ait  the  improveniehti^'{^p(il^d''t6^b^^idiiAe 

^ttlt^abwiM  biefeut^f  mftior'  !inpO!r!^ti66;.^''»trti&l«lft)ii^fk^ 

'  fR^itioipsl  d«feG(lj»;  common  to  opeicsTl'  t^le^fi(pbi»j''daif^ra^|bf 

'  e«»««le'jbegotov^,:yet'it=fitrike8  me  to  be  eapttble^'of  ^fc^g 

considerably  improved.     I  shall  here  confine  myself  to  the 

fbHowingi'  •:     •  <.  I   * 

The  ^"91^  thmg  mast  •always  be  making  the  e6fmiMpnikmti6hs 
as  rapidtf  as  possible,  and  there  are  two  m^thod^df^rddocS^g 


4)^(i^rpi^^q}ij^e/^i(;>f^\i\^.l\fQan  b^/brougbt  about  by-steiK^- 
-01^]^^  /co;ttff€fpJf ippp,^,  p^ .  otbey.  wirij^  'by-  i the  iatjodttotioo/of 
immm^i^'^B^^Pinhtt  tbeen^plQyfl^wt)ftf  a/ew  of  wbifcbtftrtjr 
43^^iW.b^.5cwdQ^  .Tb^*fti?[|fl4Wifub<^  also  atiMmed  tb^r 
^(p^l^i^ijtbft  tig^,jr«^tiji^  fpffigiying'fche  sigaali  wd'.tbi 
'jsfflfi?aff«^')i^ft  pr^QTabjlf^  »W3tbo<^  HiAH)tbia  .pactions.  f«f,  |f^ 
(l«15Wfepfi:^bi<jbiPVi?!  ^l^ii^bs,ftna)'roaipapqse4,  and  of  .wfejeh 
ift^rd^  to  {i«.a9§n  ,^  I^udi6itw«^^y[imu$t  alMi^ays  eoijsial, 
ifefji4i^  rop^sifiemblp  fcij3ft^,.,i«Li,aQ4oirdaJ*«e  with  tbe  la^3/ Of 
l^p^if^f.  ..Hwc€nitus<r<»iy)  beimelj  to.  retain  the  preseivt 
(jga^bilvic^.axKWi^gW^I  pf(,tJift,t$ie»raph  no  longer.  -Tile 
t#WC5H)^ftl  of  iQaii/?%[|(^>wbi^^)b^w,w  led  by  his  esperieBtee  m 
c^l^  trau$npa$iQmof  ,f^p(U9,by  ^&ap$  of  the  Heliotrope,  appeaos 
.ii>,a^<9  to  be.  cs^pj^kiofl  beting  employed. in  piractice-wiitjb^u^ 
q)dw5Hlty.^        ,,  ,..>,'.!  /,i  /.-M  ^,.  ^  :    .  ..  n 

It  is  well  known  that*  a  glass  mirror  of  not  abbt^e^a  f^w 
f f^^%re  inpbiQC^  in  ^^^  i9fi>f^9^  4q  ibe  naked  eye  like  a  sXtt  at 
)[^,.di9t^Qce.i>f  ^l(^:fiiid',tWieiitj;  miles  and  upwards^  when,  so 
j^^oted  aata./sbp;^  mvob^ex^er  part  of  tbe  image  of  the.  sun. 
tJFopjtbe  timed^e^^l,i*»pc^p^^8toe,  daring -.the  night,  er^hen 
.^\^weaiil^,i£l,p}ql^Jf/Q(c  Miiptw0e^ 
fitfe^^lwe.  ppodMfieid  ;%  Wf^mg » tbe  &9mG  cil •  bydw^<Ks Jgen 

ducea  by  turning  or  covering  the  mirror.  Tbis.iUTaAi^lll^eiMt^ 
-ftiflWr;«H detailed  ^epq^Htof  whi«hrin,rtib^'j^€^:TWQUW:d*ain 
j»l  .flopr  J9^,  would  fffe^epfe  %]m  advantage  sii  tgij^^ngr  tbe,«g9s 
.j^illi  gr/^t>  .rapidity*  It  is  eaay  to  di^tingi^&sb /aix'ls^amte 
[JM^^  light  i9,a[4^(H>Qd»  ftnd  wbi<^h  C||i4;b€iii:}  dieappearaiMse 
sUw^f^f  Rwr^8WM^dingip^piiessi(W;aB  tbe.mewHJ^^^  is  the 
{)f5feWj^ifehf'tpn#^_Jia  ^ajpid  finn^q^saiom.;  WefitJOTld-t^efor^give 
•r*l4eft9Mi^kty ! '^Oi* by  mea^sof  .flasrhe^^rf^Jilfe. om  i^w^m 
ggiftW^ygtte  tfijegr^pbi  There  Tvould  fuythw{beitijif&/a4ditipwl 
sft^^tftg^  jpf  4ifipf«wipg  .vith  telescQ^eSi, .n^pd, .  iwba*  ^s^^ts 
_it9l^eo^fiittWiW^i«)PPfi<»^ce,oaly  theobjs^ywsierfi  the  ^t^Aiws 
am^d^miifA y^W^fepgipf  llM  signals.  J.do<««  bt:>tre¥eri4e»y 
9l^hs^tJw^>«^Y¥>|tfwe»f#re»fniQre  than  balanced  hy  infiw^mount- 

8i8»J^l^i^%tS--....,[.,n^ii|.---  '  ,•■•..') 

Bi  :tlf  w&^^jA,to^W?i;j,i>B  telegraphic  correfipoadeno^iWUhaat 

oAfeftratt^^irt W  iOf.'lbpf e  ftt  the  other  stations  being.  .pEeivieMflly 
eiWJJl^ioWi  fl.r«^«(wi/>^i;^  4^  a^eot  th/s  se&sie^of  heWii^  whe^e 
tdnipfi?§«oiift*.^fk..alonp^.<jonstaBt,  aj»d  whiohi  ^Jwithkrfiowtwn 
^i^t^o^W^^^  liberty  of  motiwt)Eiiidpfini9ito>ii»itDMoe)eU(py 

I,  ' 

♦  For  a  detailed  description  of  the  construction  and? a«woF- die 
^dHelioAiROfMff'of'GauBB:  see  ^^Breithanptsi  Majaiaiii .  irob  )deil  n^iiesten 
r^Miaiti^^atiacfhea  Instrumenien"  %ie^  Hen^p^ 47,^  .C^if^ii^ad. 
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ourselves  with  other  sfeirs.     13 jt  in  <^jn3^(\f&oB{ 
that  may  be  aadible  without  difficult j^  P^'Plfii  I 


chaniam  muat  be  put  in  motion  at  tb?  oXfyij^ 

to  strike  on  a  bell  or  do  something  of  tbat  lu-^^^^^  ••.**  .(i 

One  would  say  it  most  be  by  no  m^aoa  j^^.  ^^^ffiS  % 
transfer  a  power  to  a  great  dit»(anee  and  c^^u^Jitiqji,,,.^,,^^ 
there,  certain  functions  at  our  pleasur^^  a<|d  yet  tjl^^^ffHP 
several  possible  methods  of  effecting  tbis.  .  Spuu4>  -iwi^4 
heat,  electric  and  galvanic  currents^  may,  wb^  ^BP^f^irW 
certain  ways,  be  em{doyed  fcnr  this  purpose.  .  The  fi^fj^^i^i]^ 
application  however  of  each  of  these  metnoos  presents,  its/owu 
particular  difficulties,  and  each  carries  with  it  its  own  ipaQ|i%- 
rable  defects,  so  that  it  appears  advisable  to  examine  ib^ 
more  closely  in  order  to  pronounce  which  of  tbem  p^ei^enta  (\^ 
greatest  advantages  in  its  application. 

We  first  come  to  the  ordinary  transmission  of  sound  throagh 
the  air,  to  the  voice  strengthened  as  it  were  by  .iBeaAS*<|f 
speaking  trumpets.  But  this  manner  of  fi[iving  signals  G9^ 
only  be  employed  with  effect  when  the  qistaiices  are  biit 
trifling.  The  boatswain's  whistle,  the  signal  bpra«  and^,t)l9 
alarm  bell,  are  all  similar  methods,  anawe^ipgtheur  ffu^^lsf 
purposes  but  inapplicable  to  telegraphic  coapauoicatipAi.^t 
considerable  distances,  inasmuch  as  any  considerable  ^teyflffciii 
of  a  sound  would  be  too  annoying  to  the  immediate .  Af^j^ 
bourhood,  but  principally  because  the  transmission  ^tfnqgnf^ 
through  the  air,  at  the  rate  of  about  1142  feet  an  a-secci^  is 
not  rapid  enough.  I'he  case  is  different  in  the  tiauasn^igiirtt 
of  sound  through  water.  Here  the  rapidity  is  xk^^xl^£ws 
times  as  great,  and  forms  at  least  no  longer  aa  ms/u^p^fsbfe 
obstacle.  The  experiments  which  Beaudeat  wiip^tj^  ,tk 
Marseilles  and  the  more  recent  investigations,  of  ^  fiolWfetoft 
and  Sturm  at  the  Lake  of  Geneva*  put  it  b^^^w^rfp^^is^^ 
that  one  can  transmit  audible  tones  tbroug^^iii^^tfirit^i^  ^bi^ 
tance  of  many  miles.  I'he  nature  of  tbi^  t^fup^sipo^di  Hhr 
tone  is  however  of  sucb  a  kind  that  (u^^  jifA  ^^i^i^Mkil^imt 
is  also  enabled  to  render  it  visible  aa  arnma)€(^i^^««9i^siri)^ 
means  of^a  partidxlar  apparatus,  the  l^y<^  ftf^Q^iitt^e'tCwbi 
sequently  in  plac^  of  the  troublesome  n^e^qd  o^  thwniigiiQdelB 
water  a  plan  may  be  contrived  which  by  tb^-tTQuiUiDg  itgari^it 
of  the  particles  of  water  ^hall  repeat  ithatYi»/0ti<ni^2di  aBlav^ed^' 
scale,  thus  placinff.the  mechanical  power  we-iteyuteM^rt-^pieS 
ducing  a  sound  directly  within  our  reach.  In  tiiis  way  of 
carrying  on  correspondence,  and  which  we  merely  notice  here 


•  Ann.  de  Ohimie  et  Phys.  XXXV;  lid.    Oilbert's  Aunkl^ 
LXXXVIII.  SO. 


- HBlftla 'ttW bfe  matte  tndefaU.oirc^^t^ 
•ttWAHft  f)'g-estabrrshe4  tbat^^punqg  gffi^i(pginitt^d,,)|tiflWg*i 
the  plane  surfac^  6f  the  water  we'Lax&ali.aipmiA  u^yp^,fi^ich 
ofc4%48fe-ardiy'ft  flctibt;  ana.  JJ^\';fi;mSi5yHi^-i^t.qf;jJ^ 
'Wlght-tHetcforebegeherallv^pulif^^tf,,!^^^ 

l^tmjjany  partrcuiiirtonquctof  ^(ji;  t!^,tr^tiiyni^ijiw|,,o^,jUtP 
WDtmfl^'ttiftl/.lrOt^  fhe'^iftums'lancei'ot'  i^o''ipteiTuptipii,c^''tJlip 

li^'tfis'be^  to;p>(itfci|)atyi'|_r'^      . ',',  ^,  ;'^;  ;,;,,,ji,,,,3 

-iHtW;*' at"  gfrifetf'dtiUncetf  ■'-■'''•—'  —--■f----— -;--■— '-'=-:■-'' 

IttWiiduCtoris  flirt/ii^'^'^y  ^ 

%^>c6bdtfiisin^  TniWbrs  'U^ 

vanic  current  is  called  itit 

4ii'^^bdirce  declinatiohs  of 

Itttf^ilig  the  c^ons'tHtctibi 

«(tki(y  consideraljle  'ike  nc 

Vlelegra^  ■hofreteir'  *(Ju 

tli^g^-based-  on'  t^cal" in 

bptiaai'bneiiyitmid'cease 

»i«tee'-t»!i'tikeS  bf'tfti  (rttt 

idlMtM'riKKfei^'iirttbtp] 

fc«P#fteW.-  .     .  ._ 

e<  3*f&tbr*e'prindr*e8(if  teJegi 

tol'iW<d,-^m^i  llbht,' radiant 

MMid^licn^  tfiiffitTiiOttimoii.tl 

ibbald'^'U  di!rebt-cottt)«xi0h-b^ 

A,  '-mit^,'  ttMd  Me  g¥bnKd,'  fbr  ft 

clMtid^sWd'Kd'Or  rfefidered 

will  io«<tiFdbiee4'^  Mh^eta 

ci^daMlAW  (!MA«^tVM4bF'tflf  l^ng 
jdaiMbOi^Ui^iit  Ibi'^legtapl 
i*BiBiniit-iiti>^'  y^M''t74«di 
tbteii^iiitlire'dfldOliteMleiWble 

E«iHti<dr«ltU)«4filtt>^i«''ai'eu  " 

^o  vfiwaiiit  r.l      .1'  >■■-:    ■■•■■    ■'  ' 

*  PriMtley'a  History  of  Electricity,  p.  90. 
Vol.  Ill— No.  17,  Marek,  1839.  2B 
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to  12789  feet.  Watson*  exteodeditheixecqH&tiBiei^'cnBeii.^ 
space  of  four  miles  near  Sfaooter^s  Hill;  ebm^amg  hisB  Jekoiiit 
of  two  miles  of  wire  aad  ati  equal  diBitoBce^bfi  esty  ^Gfaodii 
Lomondf  transmitted  teUigrapbicisigiiida  to^ai  ne^hbooving 
room  by  means  of  afMibhalleledtoMneter'aciied^utxii^rby  jirict 
tional  electricity.  Aeiset$  jUttawnat^d,  by  the  elebtvie^s^ark, 
letters^  formed  upon  plates  iof<  glass  with  airifxl'ctf  ttii>foiL 
GaussS  makes  mention  of  a  cdmpUntcatipn  mm  Hundboldt 
according  to  which H^tmcoUft iio^ndS^staiblishediioommiii- 
Dication  between  MadridandA]mB}uet<adi8t9W^iQf  26miile8 
by  means  of  a  wire  through.vthicba'L^ydeEKJai^nsed  to  be 
discharged  which  was  intended.  tO'  b^insed  aa^-a  tielegraphl^ 
signal.  ••  '  •;  p,  ..•")'**    •    ' '/  ,i-     . '  •  •  : 

All  these  experiments  put  itbefond  a  doubt  that  :^ctionid 
electricity  may  be  employed  for  giving^aigii^lsiat  any  dktaBces; 
and  that  when  these  signals  are  fffopi^ly  ooiltmed  they  «ffnr 
convenient  means  of  telegraphic  iateroouise.  -  f  ':.  rr 

Frictional  electricity  has  besides,  iM'Gaus»Im«  alreadyiolkt 
served,  the  great  advantage  of  not  losii^  any  of  iAti  fatttt  hf 
increasing  the  length  of  tbeconduoting  wise,  ioasnnMehr^^e 
whole  of  the  electricity  of  one  orating  ^  kha  japfennal^t^ritRreoM 
the  entire  length  of  the  wire,  be  iti  whatsit  may>  lo  oeutjr^i^ 
that  of  the  other  coating*  .■'     )  >      j  -    •    .  i» 

The  expeniments  vrhich  Wheatisinoe  instituted' witii  mtmiiM 
ror  in  raipod  motion  t^  ascertain  the  qrate  at  which  the  etecJsrifi 
spark  is  transmitted  through  copper  condudtors,  afaow  thaJ^ift 
travels  with  a  Tdocity  of  ^8,000  miies  in  a  ^etw^Jt^.-^  vdo- 
eily  exoeedbg  that  of  the  light  ^f  Jupiter's  SatellitesiV  ^Jmg 
this  as  a  standarfl,'  aUdis^ancefeupon  owr^obe  are^dooe.afitsf 
with,  and  we  acoordipgly  9ee  in  electricity  the  \  Instantanaowi 
messeoger  of  thought  fof  all  disfen<Meis  aw  in  ^rer^istimtiM 
stance.  Nevertheless  the  prscltoal  e&ecution  of '  a^^legnfib 
founded  on  this  principle  presents  some  difEculty<!iiifjiJ[«i|cia 
Ri>ndda.'Cpiistrueted  one  at  tlf^mm^ysmith  in^  18li6]^aQfcU|i^b- 
lished  It  .deijoription  of  the  instrument  m/18d&  '*.  >  Inrrhii 
arrangement  there  were  docks  which  k^pt  time  emj^lpy^Ial 
the  staiione  and  which  were  furnished  'With»  ai  light [j^oiitf 
ciphers  in  {daoe  of  hande,  and  hayings  Iwenty  dmrent  rsigns 
towasds!  &aii  circumference.    At  ih»  moment  the  proper  ?sigi| 


J  ^'•'      tf? 


♦  PML'tfans.  Vol.  XLV.  for  1748.  '  -t   ♦.  »,  r  t.  y 

•    f  Y6iitig*ffTravel8  in  Prance,  1784,  Vol.  1.'  p.  f  9: ^«'   ''    '•  ^  '^' 
X  Voigt'8  Magazin,  Vol.  IX.  Part  1. 

§   Gauss  and  Weber  Resultate  d.  Mag.  Verjens,  'VoL  11.  pi  14. 
I  Phil.  Trans.  1884,  p.  505. 
f  199,500  miles  in  a  second,  Brewster^  Optica,  p.  %,     k 
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passearbefoietthf  ^dect  the  spark  is  discharged  with  an  elec- 
tiMxnietef  iipon  (whiob  the  same  sign  is  rendered  visible  on  the 
dlock'»t  the  other  station.  The  disadvantage  of  being  obliged 
i^iwsit  every  time  between  each  sign  one  gives  till  the  disc 
hastcottiplBted  on  entire  revolution  of  course  renders  the  plan 
iikipradicable.  The  old  proposal  of  Cavallo*  to  employ  the 
^aasi^e  of  the  spark  for  a  signal,  would,  when  properly  mo- 
dified, be  more  applicable.  It  would  be  necessary,  so  that 
the  signals  may  succeed  each  other  with  the  utmost  rapidity^ 
and  the  arrangements  be  as  simple  as  possible^  that  we  should 
content  ourselves  with  the  discharging  spark  of  a  small  coated 
plate.  The  sound  which  is  always  heard  on  the  passage  of 
the  spark  where  there  is  a  break  in  the  chain  would  serve  as 
an  unequivocal  signal,  directly  affecting  the  sense  of  hearing 
as  already  laid  down  by  us  in  our  general  remarks  upon  con- 
venient telegraphic  intercourse.  An  electrical  machine  of 
moderate  dimensions  would  continually  furnish  fresh  charges 
at  short  intervals.  It  would  not  however  be  so  easy  to  get 
over  the  difficulties  attendant  on  the  changes  in  electric  ex* 
citation  and  the  various  hygrometric  states  of  the  atmosphere.  H 
But  these  difficulties  are  not  insurmountable,  and  it  is  as  yet 
by  no  means  certain  but  what  this  plan,  if  followed  up  by  a  | 
thorough  knowledge  of  the  subject,  might  not  from  its  sim-  \ 
plioity  be  brought  into  competition  with  any  other  principle,  i 
and  this  the  more  if  due  use  is  made  of  the  important  principle  -; 
distM>vered  as  we  have  said  by  Winkler.  -^ 

Of  late  years  however  we  have  become  acquainted  with  a 
peculiar  modification  of  electricity,  which,  affecting  as  it  (kea 
with  a  reciprocal  action  several  of  the  other  powers  of  nature 
in  a  wonderfiil  manner,  even  at  first  sight  presents  essential 
advantages  for  its  application  to  the  problem  of  telegraphic 
iiiter^ourse  by  means  of  electricity.  We  allude  to  the  power 
o£  galvanism. 

iA^i  long  ago  as  in  18Q7  Sommering  erected  in  the  apart- 
Ittintsi  of  the  Academy  of  Sciences  at  Munich  a  galvanic 
lel^gcsi^hf  ^  v^ibich  he  ha»  published  a  detailed  description  in 
\he  Pliiloiip|A)icaI  Transactions  of  Bavaria,  f  He*  employed 
thgianfettgyof  a  powerful  voltaic  pile  to  bring  about  the  deoom- 
p@t^iM|  of  water  by  means  of  thirty-five  gold  pins  immersed 
in  an  oblong  glass  trough,  each  of  these  pins  being  marked 
with  a  letter  or  number,  and  ad^ttipg  of  connexion  with  the 
pile  by  an  isolated  wire,     The  asqension  of  the  aif  Tbubbjeai.  of 

C«  G!aiKallo*B  Tmtttise  on  £lectri<:ityi 

+  Miinchner  Denkschr,  cj,  K,  Akad.  d.  W»  fuT  1809,  1810. 
Math.  phys.  Classe  p.  401 .  •    - 
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the  water  decomposed  was  to  serve  as  the  telegraphic  signal. 
It  should  be  borne  in  mind  that  our  knowledge  '6f  the  i5fi?6S 
of  the  galvanic  pile  was  at  that  period  but  very  limited."  THg 
£4Coveriesof  Oerstedt  in  1819  from  which  Ve  learnt- 'f&a;t^i 
magnetized  needle  can  be  deflected  by  a  galvanic  (iuttefnii^Tirf^ 
opened  a  fresh  field  for  the  ajbplication  of  this  pawner  to  l^ffi^ 

Saphic  intercourse.  Cnder  thfs  head  may  "be  domprised^'t^ 
ntsfor  a  galvanic  telegraph' thrown  out  by  Fechner  iiiltk 
Manual  of  Galvanism^,*  and 'Amperes  scheme  of  an  electro- 
magnetic telegraph  which  has  b^eri  executed  on  a  small  scale 
by  the  late  Professor  Ritchie.f  ''  hi  this  plan  however  Am- 
plre  departs  so  totally  froni  the  de$(Jrablei«rincij)le  of  isrimpliciffy 
that  upwards  of  sixty  metallic  cdbhexion*  wt>ald  "bfe  required 
for  his  telegraph.  The  arrangement  which  Davy  J  has  pro- 
posed, in  which  illuminated  letteifs'are  shown  by  the  removd 
of  screens  placed  in  front  of  them/  appears  also  to  be  far  tbb 
complicated.  The  experiments  instituted  by  SchiHing§  by 
the  deflection  of  a  single  magnetic  needle  seem  much  better 
contrived,  he  did  not  however  succeed  in  surmounting  the 
mechanical  difficulties  that  attend  the  question  in  this  shape. 
The  subsequent  discovery  of  Faraday,  according  to  which  the 
generation  of  galvanic  currents  is  reduced  to  the  mere  motion 
of  multirJl^xiB  j)laced  near  fixed  magnets  has  rery  materialfy 

,  8implifie<!i''the  problem,  ihasmtich  as  the  voltaic  pile  becom'es 
thereby 'ii6|oiiger  iecessai^.  '  '  ''^ 

To  Cfatiss  attd  Weber  fl  is  due  the  merit  of  having  in  MSB 
actually*'  (^btj^triicted  'tJie  first  simplified  galvano-magneCJc 
telegraph,^  It  Was  Gauss  who  first  employed  the  excitem^fit 
of  induction;  ^lid  i^b  demonstrated  that  the  appropriate  ccftji- 
bination  of  k  liniftefl  nlimber  of  signs  is  all  that  is  requii^ed  fer 

"^  the  tratistnilsj^idh  ',6f  idmmuhications.  Weber's  discovery  that 
a  copped  Wirfe/Pli^O' feet  long  which  he  had  led  acro^  the 
houses  tod^i^teeple's  at  Grottingen  from  the  observaibrf  tft  tbe 
dabinet  bf^^tur^l  Philosophy  required  no  especial  ifiStdati^ 
"^as'  oiie  of  great  importance.  The  principle  was  tbereby  *  sit 
once  establfehed  of  bringing  the  galvanic  telegraph  to  the 
iaost  cbiitretiient  fbrm.  All  that  was  requi*^  ik^s  an  ^appro- 
priate'hiethod'bf  inducing  or  exciting  the*  current  with  the 

.-•    .    '       r    f^  ■      . '       '      '•  ' 

*  Li^brbuch  des  Qalvanismus  18^9,  p.  ^69. 

+  Fronep's  Not  Vol.  XXVII.  No.  6.  p.  86. 

t  Meclianics^  Mag.  No.  754.  p.  261 ;  No.  756,  p.  296:  No.  758, 
p.327.         ^  ''-^' 

%  Allgemelne  BauKeitung  1837,  No.  52.  p.  240. 

11  Gofi.  gel;  Ane.  18S4,  p.  1273,  and  Schumacher's  Jahrbuch, 
1837,  p;  3$; 
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jiiawsi:  o£  changing  its  direction  without  having  recourse  to  any 
^paciol  coatiivances  for  that  purpose.  In  accordance  with 
^heppacipl^  we.hsve  laid  down,  all  that  wag  required  in 
jt^dition  to  this  W9S  to  render  the  signals  audible,  a  task  that 
^p«Tently  presented  no  very  particular  difficulty,  inasmuch 
aMAM.  the  very  scheme  itself  a  mecbaoical  motion,  namely,  the 
deflection  of  a  magnetic  bar,  was  given.  All  that  we  had  to 
do  therefore  was  to  contrive  that  this  motion  should  he  made 
«>vaUahle  ibr  striking  bells  or  for  making  indelible  dots.  This 
&1U  within  the  province  of  mechanics,  and  there  are  therefore 
^nore  ways  than  one  of  solving  the  problem.  Hence  the 
alterations  that  I  haye,  made  iu  the  telegraph  of  Gauss  and 
by  wliich  it  has  assumed  its  present  form  may  he  said  to  be 
faunded  on  my  perception  and  improvement  of  its  imperfec- 
tions, in  harmony  with  what  I  had  previously  laid  down  as 
-neceesary  for  perfect  telegraphic  communication.  I  by  no 
means  however  look  on  the  arrangement  1  have  selected  as 
(xnnplete ;  but  as  it  answers  the  purpose  I  had  in  view,  and 
it  ma^  be  well  to  abide  by  it  till  some  simpler  arrangement  is 
<;ontnved. 

As  an  inductor  or  exciter  1  emp 
whose  conntruction,  q;)eaking  in  a.  | 
.those  of  Clarke,  of  London,  the  mul 
my  inductor  is  composed,  consist  of  i 
ibm  insulated  copper  wire  ;  and  this 
-1^  w^er  that  the  resistance  oSezed  1 
ipleting  the  circuit,  even  should  it  b 
he  but  httle  increased.  Of  the  g« 
-during  the  entire  half-turn  c£  the  n 
-^qly-a  small  portion  is  employed,  a 
jbaximum  of  its  energy,  by  this  nn 
f^rccnt  is<  but  very  shtH'tr  an  arrangi 
i*,mt)iUMri  can  c«u9e  merely  a  mon 
jiit^  Qiagnetlo  baf^  employed  for  giv 
^tti  heighten  the  acticu  of  these  indie 
ithty  ape  surrounded  by  powerful  raul 
^ihfigaets  aje 'SO  placed  near  these  i 
thereby  brought  back  to  their  origii 

that  the  induced  current  ceases,  or  in  other  words,  as  soon  as 
the  deflection  has  taken  place  :  we  thus  are  enabled  to  Repeat 
ugnala  in  very  rapid  succession.  The  same  indicator, tan  be 
brought  with  ease  to  make  Ave  deflections  in  a  second,  ^suc- 
ceeding each  other  as  iast  as  the  sounds  of  '■i  rT^^R^^^^^  when 
striking.  Hence  if  bells  are  placed  at  th<  [(cf^,Qf(.!triking 
distance  from  these  indicators  they  will  ring  at  every  de^cvtion 
produced,  and  as  it  is  quite  immaterial  at  what  part  of  the 
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wire,  completing  the  circuit,  the  riitiltiirfl^ 'fe^titfife^' ftifei 
indicator  is  inserted,  we  have  it  in  our  powfei'  to  jJr^<foc/e'  ^hje* 
sign  excited  by  inductioti  at  any  part  of  the  .6ou3?s^  iH^  *iW' 
takes.     Should  it  be  desii-ed;  tl^at  the  indi^atot.  il)i^«faJi  # 
producing  sounds  should  Writlfj'  it  is  merely^  reqmfedto  ad^l 
to  one  end  of  the' little  pj^^^eijti  bair  ft  OTiftft  vessel  WledwiSl' 
a  black  colour,  and  tertninuUtig  iii  d  ■capillary  ttibe.     T^ri' 
tube,  instead  of  striking 'on  a^'  bell;  tha^  m^es  a  black  spipt 
upon  some  flat  surface  neM  iii  fi-obt  of  it.;    If  these  spots  ate. 
to  compose  writing,  the  siirfacie  titfoxi'Wiiich  they  are  printed^ 
must  keep  moving  on  in  frpi^t'itf.,therfcd!catbf  w;tth  a  uniforiir 
velocity,  and  this  is  easily  broqght  abbtit'bf  m^ais  of  an  ^nd-' 
less  strip  of  paper  which  is  rolled  pffjifiie  cylinder  on  to  anoth^ 
by  clockwork.     This  is  in  a'gfeiier^l  way' the- construction 
followed  in  the  telegraph  erec(,ed  here.  U  fuller  accouni  of 
which  now  would  be  out  of  place,  iiis  n  iMy  be  found  bti 
referring  to  the  appendix.    As  fax  tin  the  •etn^oyment.  of  ih^ 
telegraph  is  concerned,  it  may  be  fkirlyisaidtcr  perform  all  thai 
can  be  reasonably  required  of  it.   '  The  excitation  of  tfce  ciifl' 
rent  is  produced  by  haK  a  turn  of  the  iiidiictbr,  and  is  equaHJf' 
available  at  all  times.     Th6  sJoupds'^of  tfepj^ls  cfcse  cd' thfef 
person  making  the  signals,  and  vhicli  ,beittjg*prodi!iced  at*  tKfe^ 
other  station  too  are  disb,  audible  th^r^'/t^opie,  by  practJSi? 
intelligible  as  a  Im^ti^y  Should  they  however  be  o>^erh6y^J . 
or  misunderstood,  the'^pommunication  presents  itself  ^iiyti^ 
taneously  written  ddwti.* '  Tbis  can  be  done  with  closed :d6^ij 
without  any  but  the  pttrtr^s*  concerned  being  aware  of  3t^  tM 
communications  may  be  itiade  at  any  distances,  and  eifb^x^'hf 
day  or  night  without  any  appreciable  loss  of  time.     Thetiis, 
therefore,  every  reason  tb  be  content  with  the  perfefin&the^df 
the  instrument.        '     '  ../^"ji 

It  is  not  howevef  f^  be  denied  that  the  establisbAiektt  lof 
certain  conditions  indispensable  to  its  action  is  neriert^lkAi^d 
matter  of  some  difficuity.  We  allude  t<x  the  ebnn^tfojif'J^»^ 
joining  the  stations.  '-        •   -      •^-'  /{TyJniii 

It  has  been  stated  above  that  Amp^  i^^qoi^edittdre^tKi^ 
sixty  such  wires,  whereas  thirty  or  'iJO-^efe  suffleifeflt^^ 
Sommering.  Wheatstone  and  Cboke^^  reduced  their  nUmfltef 
to  five ;  Gauss  and,  probably  in  imitftti^ Whim,  Schiffing^j^^iiS 
likewise  Morsef  in  N^w  York/made  lisfe  itf  liut  a  single 'wire 
running  to  the  distant  station  and  back.  One  might  imaginl^ 
that  this  part  of  the  afrangeineht  could  not  be  furthar  sim- 

*  La  France  industrielle,  1838,  April  5,  p.  3. 
+  Mechanics'  Magazine,  No.  757,  p.  339.     SillimaB^s  Journal 
for  October,  1 837.     Annals  tjjf  Electricity,  &c.j  Vol.  II.  p.  1 1 6. 


pIiEe(l„8^li,^^qv^  IBiby  QO  :inef^qa  Jb^e  qase.  I  have  foand 
tljat  eveii,.tbf  Jjalf  of  ,this,IeB§th  otT\»;^e  mpy  be  Jispenapd 
yi}fh,  (^qd  .t,b^,iyittc«;ctaiii  p^epavtip)is,}tS(p!ace  is  supplied  by 
thp  grfl\in4  iMtelf.;  „-  >Ve'  know,  in  .ihe»ry„that  tbe  muducting 
piOjWpr*  ,ol  I  the, ,  gr-po^id  ^d  of  w^t^r^.a^^e  v^ry  Bmall  cbmp^rea 
wiL^.tb^»f  tlie.  pwl.alsj  ,eapecmjly,,c<)ppe^i,  ft  se^ms  however 
tajpfve  bee^p^*myu^lJov^^IQp^(^  w^  it  within  our 

reach  to  mpke  .a  perfectly,  gfflt^  qo^iquctori  out  of  water 'Or  any 
ofJicr  of  the  80  celled  9^jjrif-f<i^(^ct»ri^  AIJ  that  is  required 
ifithst  the.BurftiQe  tthat,i):fl  ,^f  t^on-jpres^nts  should  be  as  much 
grealpr  than  that  of  th^mp^las  ijs ■conducting  power  is  less. 
In  that  case  the  lesi^t^n^^oiE^redby  the  semi-conductor  will 
atj^a)  that  of  the, perfect  .conductor;  and  as  we  can  mak^ 
conduct4»-s  of  t^ie  gl;p«nd.  of  any  size  we  please  simply  by 
adapting  to  the  eods  of  ih^  wires  plates  presenting  a  sufficient 
sur^e  of  contact,  it  is  evident  that  we  can  diminish  the' 
reiistance  offered  by  the  ground  or  by  water  to  aay  extent  we 
like.     We  can. indeed  so'  reduce  this  resistance  as  to  make  it 

Suite  inseosible  when.  cDpipw-ed  to  that  offered  by  the  metal- 
eciTcuit,JSOtltat,nptpfl%  jahalf  tl 
Ul^resistancetl^.^ch  a. circuit  won 
by,onehaif.  Thjip  fact,  the  impp 
eiectioQ.of  galvanic  tclegn^hs  speak 
wil,h,anotheradditiooal  feature  in  wh 
el^tricity.  The  experiments  of  W 
alr^tkdy  shown  ns  that  with  frictjopa 
n^  replace  a  portion  of  the  discharj 
qowkpown  to  hold  good  with  respect 
Theanquixy  into  the  laws  of  dispei 
the. ground,  vhosB  maas  is  unlimibed 
passage  of  the  galvanic  current,  apj 
Teplete  with  interest.  The  galvanic  e 
fined  to  the  p<»^ioD8  of  earth  situat* 
of  the  wire;  on  the  vtrntrery  it  oonuo 
finitely,  and  it  became  therefore  now 
law  that  obtained  the  excitation  of  the 
of  the  exciting  terminations  of  the  wi 
sary  or  not  to  have  any  metallic  cc 
carrying  on  telegraphic  intercourse.  ■■    l 

I  can  here  only  state  in  a  general  way  that  I  have  succeeded 
in  deducing  this  law  experimentally  from  the  phenomena  it 
presents:  and  that  the  result  of  the  investigation  tsj  that  the 
excitation  diminishes  rapidly  as  the  distance  'between  the  ter- 
minal wires  increases.  ■     t . 

An  apparatus  can,  it  is  true,  be  constructed  lii' >if%it:h  fhe 
inductor,   having  no  metallic  connexion  whatever  wil^  ^the 
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xn^^plier,  by  nothing  more  than  the  ei^Qitatisof  t6qwibiiV:«$t9 
tlm^)}^  the  ground^  shall  produce  galvanic  qHni9nil9  iS^^failbnr 
nmjitj^plier  sufficient  to  cause  a  Yisihled&AefiX^s^^h^ibQS^d 
This  IS  a  hitherto  unobserved  fact,  and  mwify  b&  cSim^(^ffif9m'} 
tl^^^ip^qst  extraordinary  phenomena  that  sqJmn^fibASt^fiive^llti 
to  ,u§L.  It  only  holds  good,  however,  foy  ^09:9^^  4i^^M?^84  nit)j 
miist  be  left  to  the  future  to  decide  whether .w^^fetliti  ^?ii9' ja^cHo 
ceed  in  telegraphing  at  great  distances  withcwt  a<^y  li^eiaQiK^t^ 
comxpunication  at  all.  My  experiments  ff/QV^  ,th»l  6i«?kjAj 
thing  is  possible  up  to  distances  of  50  feet. ...  For  distant  9taK>t 
tions  we  can  only  conceive  it  feasible  by  augo^ntio^  Ibhe  pow^l 
of[  the  ealvanic  induction,  or  by  appropriate  imiiltipliera  eaii(«n 
structea  for  the  purpose  or,  in  conclus^^  by  increasing!  jb^.i 
surface  of  contact  presented  by  the  emjisi  of  thie  multipiieip.l 
At  all  events  the  phenomenon  merits  our  >best  ^ttentiop,  ,mA'^ 
its  influence  will  not  perhaps  be  altogether  overlooked  in  £he[< 
theoretic  views  we  may  form  with  regard  to  galvamsm  itaeUli  >  | 

To  sum  up  in  a  few  words  what  are  the  results  of  what  Wft  r 
have  here  brought  forward  respecting  telegrf|p)jdCjQomjQQ»iiipat^ 
tions,  we  see  that,  with  the  present  £^rr^9g&meiit  of  ihn. 
apparatus,  no  principle  can  be  brought  iutq  competition  -witUr 
the.  galvanic  telegraph,  but  that  the  estahlishipg  the  motaUic 
coni>exion  indispensable  to  its  action,  although  laow-matftriaiUyi 
SLinj^ified,  still  presents  great  difficulties  in  practice.  Iii^ed' 
sucj^  a  connexion  is  only  practicable  where  it  can  be  o(mstftnlbIy^ 
watclied,  as,  for  instance,  in  the  vicinity  of  railroads..:  .jm-ub 

For  very  considerable  distances  without  intermedisite^atoti) 
tions,  galvanic  or  electric  excitation  must,  on  acc^atttoitnf-' 
thjeir  rapidity,  be  always  the  best  power  to  have  reoourse^.  tda 
F^r  lesser  distances  it  yet  remains  open  to  enquiry  wbf^tb^itr 
witt  proper  modifications,  some  of  the  other  methods  ^we^' 
have  pointed  out  would  not  be  preferable,  as  they  dispenie// 
\rtth  a  metallic  connexion.  :n . 

dfTo  be  continued,  with  two  large  illustrative  plates ,  in' 
^, , , !  the  next  JVumber. ) 

LVI.     Summary  of  new  researches  on    the  liberatiofi  of 
'  fieat  through  friction.     By  M.  Becquerel,  President  of 
V  Academic  des  Sciences  for  the  year  1838.* 

Bodies  are  considered  as  formed  by  the  connexion  of  an 
infinity  of  molecules  or  atoms  surrounded  by  heat  which  is 

opposed   to  their  immediate  contact  abstraction   made  by 
+ ,-.  ,> 
*.  Translated  by  J.  H.  Lanir,  from  the  Comptes  Rendus  &c, 
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i>l44ft  «ilb(>^ftdn»ie6ii>l}Mi4b«i^^diii^^ttiU^\ilei^  are^saBjecf  ed' 
tdfen  ^4t«M^«Wfe  i»t^  #hicfe'tfttia^ko4Mflfig^¥h€fm:iiBarer  each 
olb^,  «nd  #hkh  /isl^(io»d<^ttt*'#,  *^f^dtA  to'  tfie  repulsive 
aeli^' tif  tbe^  h^U  <  •  A  n:bi^d^^<^'^id«o^ii]ftroauced  in  the 
cMdtituti<bft  <»f  bod<itB^,^^li^1^%€i^4ctida^o^  eadi  molecule 
fcM^-thb  beat  wHich.JS^i<diinfts^thi§^'lif^fiboirring  molecules. 
Tbfer?oQltectir'd»fo^«^^p^tidi}Jti^^e«4i'  ftie  two  others,  the  body 
remsKiDS  solid  ^i^f^Hh^l^fekt^iiieredse,  the  molecules  will  at 
leM^h  acquire  4  cct^ttiaf^  iA^6h,  •  and  the  bo^  becomes 
liqSd,  Finally,  tf  t«i^  qitttkiCj^  df  heat  become  sufficiently 
gieai,  the  body  lis^i^tbi^ 'gaseous  form.  The  molecules 
of  <ihe  body  'bei»g'  ke|>t'«t'*  greater  or  less  distances  in  pro- 
porttoo  to  the'rfeeiprocefl  afetidh'of  the  heat,  and  attractive 
force,'they  mttst  bi^'separsited  by  interstitial  spaces  in  which 
the  phenome^aiofiliglitvik^t^ 'affinity,  and  molecular  attraction 
opiate*  HetiCefit'te  ht  th^e  spkees  that  the  imponderable 
aget>ts-contidndi^kh>fhei^«^l^al^|)rih<!;ipte^  of  the  body. 

'Heat  should  in  ^ thi4  h^e*  ihe  prlnei^a^ plisice,  fdr,  according 
tct  i^  int«iiBity ^anki  ^m^Sff  ef  ftiition,  iti^roduces 'light  and  elec- 
tricity^ and  s&t«  in  motion  bhetoical  s^nSttes].  Hence,  it  is 
eVJdiiiit  we  cannot  't<)0»  deeply  stodjr  tkfe^  ^^roperties  of  this 
agent,  in  its  relations  to  the  pairtieles  <rf^%6diW;  if  we  wish  to 
diMovcfr '  its  immediiite '  influentje-  itt'^eV^  thing  which 
cimciiniB  the  natural  phenomena'  c^'  ^e^ost  elevated  order. 
Th^se  considerations  suggested  the  ide^'  df-a  series  of  experi- 
mental researehiBS,  which  have  produced' ^dhi'e  new  results  of 
^dnch  I'shatt  elideavoitr  to  give  a  sketch  ^^ithout,  as  much  as 
wdil^'be^iii^inJy -pow^r,  enteting  upoii '  thW' technical  details, 
which  would  be  difficult  to  comprehend  in  ^  rapid  lecture. 

If^  HSAt9l^e^,avbiodiyvthat^i»in  eq^ilibriodf  ^temperature  with 
the  surrounding  mediunr*  -  If  by  any  means  we  disturb  this 
body,  so  as  to  make  its  molecules  lose  their  natural  position 
of  equilibriunu  it  is  very  evident  all  the  iipponderable  agents 
wfiUcn  are  in  tne  intehnolecular  spaces  will  be  set  in  motion : 
^'eiice  there  i^sqltsa  number  of  phenomena  that  the  philo- 
sopher tries  to  analyze  by  the  assistance  of  means  which 
saueqce  places  a,t  his-  disposal.  We  skaU  'first  dwell  upon  the 
effects  of  heat  whenfrictioB  is  the  rmeds  of  disturbance 
employed.  i.  ntui 

We  know  that  when  two  bodies  are  rubbed  together,  heat 
and  electricity  are  disengaged ;  ^ «»-' c^  itre  not  these  two 
effects,  which  are  concomitant,  dependant  on  each  other? 
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We  will  anawer  this*  heveafier ;  for  tke»  present  let  as  consider 

the  eiiecis  ofhtet.'  >  <  i .  < 

'  All.  we  know  of  the  porodkiaiitaiiof  bes^t  by  the  mutual  friction 
of  two  bodies  is  reduced  to^  t\smi  the  two  bodies  becon^ 
healed,  and  the  quabdi^yerButtedftS  semetimes  so  great  that 
it^issdflicteiit  to  inflame  combuptiblje  bodies.  Thus  it  is  that 
awheel>  taming  vam^yoQ  itii  axto^dakes  iire,  and  that  the 
siumgtt,  witik  an  adcumBsandtdiSHtefikiyi  which  we  do  not  pos* 
se^,  is  able  to  light  twa  ffieQe8<€iJB  ^y wood  by  rubbing  them 
farisldy  together^  .    >•   i  i      <,f  . 

Every  thing  leads'to  tlw'bellsfllmt  the  effects  produced 
are  diie  to  the  motion  of  vibiilation/in^essed  by  vibration  on 
the  molecQles,  which  the  following  &ct8  tend  to  prove. 

When  an  alloys  composed  of  one  part  iron  and  two  antimony, 
is  Sttbjeeied  to  the  file,  it  immediately  throws  cS  bright 
sparks,  which  shows  that  the  temperature  is  raised  even  to  a 
stote  of  white  heat.  The  blow  of  the  steel  on  a  flint  produces 
a  similar  effect. 

Mv  D^  Rttmford*  in  bbidng  -  a  cannon,  placed  vertically, 
obtained  suflidient  heat  tOibottwater^  placed  in  a  conveniently 
situated  cavity.  This  is  ahnoei  all  we  know  of  the  liberation 
of  heat  by  friction :  hence^  we  are  totally  ignorant  what  part 
eackdb^dy  tftkes<in«the  produdtioil  of  this  phenomenon,  as 
reg&rds  its.  iiatlirBStnd'the  state  of  its  surface. 

. 'Ud'detovminehDw/ebch  body  iot^rvenes,  we  must  be  able 
to  remove  the  iauseid  !wii4ch  hide  thit  efl^t  we  have  in  view ; 
unfortiliiately  wd  cannot  efieet  this  thoroughly^  In  fact,  when 
we  tvh  two  bbdies  mooe  of  less  briskly  together,  without  caus- 
ing the  <ronta6t'to  oease/  tiiS^e  is 'evidently  a  transmission  of 
hi»i  fixKn'^bexiiiei  to  the?  otkeTk  The  quantity  transmitted 
by  eadbi  of  theni.  defHsndsoii  d»e  condactibility  of  the  body, 
ittei  «aptieity  for  faeatti  attidtha  slate  of  its  surface.  On  the 
Qliluer :  haifid j  tii^  heat  liberate  in  a  body  cannot  be  im^- 
me^Kiotiely  tried;  ^pek^wdA  to  its  tnuikMiission  to  the  other  body, 
by  'brdinasTjr  tfaertnefmetevs,  since  their  indications  are  not 
i^DBtanlaHieoits^  MbWetrer,  it  is  possible  to  operate  under 
circumstances  which  permit  the  removal  of  several  of  the 
dificiiLbies  mentioned  above :  w^d  are  then  led  to  a  series  of 
UciA  pf  which  we  ana  aboxit  to  speak. 

:ThEe/apparatus  intended  for  the*  observation  of  these  facts 
iscoiiipased  of.  stlienno«e)e<bt]!ic^ile,  in  connexicm  with  an 
exotUent-BMUtifOi^.  ^tsileneibttity  is  such,  that  the  difference 
of  abpht  if  i«  of  »  deglDee  ibetween  the  temperature  of  the  two 
fikee  Q^^thebiW  ^lliSansBthe  magnetic  needle  to  deviate  so 
tiMl  t)iedab[]gleitna^  Wapj^eeiab 

*  Couiitituinfor^^  '  EditI' 
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To  reda^e  the  question  to  the  most  simple  expression  possi-^ 
ble,  we  took  bodies  of  the  same  natare,  bad  conductors  of  heat^ 
c^^uaHn  all  their  dimensions  and  differing  only  in  the  state  of 
th^ir  surfaces.  These  bodies  were  conveniently  fixed  to  glass 
stands.  The  rubbed  surfaces  were  each  placed  in  contaot 
with  one  of  the  faces  of  the  pile ;  when  these  two  surfaces 
have  the  same  temperature,  the  ma^etic  needle  remains 
steady  while  the  two  thermo-electric  currents  being  eqnali 
and' having  contrary  directions,  destroy  one  another.  But 
when  the  temperatures  are  not  the  same,  the  magnetic  needier 
immediately  deviates,  and  the  angle  of  deviation  measures 
the  difference  of  temperature.  The  friction  is  produced  with 
a  briskness  and  pressure  regulated  by  convenient  apparatus,  so 
that  its  intensity  may  be  always  known:  the  two  bodies  are 
qciickly  separated  from  each  other,  and  immediately  subjected 
to  experiment. 

There  are  the  means  of  experimentalizing;  let  us  now 
pass  on  to  the  results. 

We  commenced  by  trying  the  efTect  produced  on  the  mag- 
netic needle  by  the  contact  of  one  of  the  rubbed  surfaces  with 
one  of  the  faces  of  the  pile ;  an  effect  due  to  this  face  beings 
heated. 

Experiment  proves  that  whatever  may  be  the  nature  of 
the  disc  rubbed,  be  it  a  conductor  or  not  of  heat,  the  time  the 
needle  takes  to  attain  its  maximum  deviation,  provided  this 
deviation  do  not  exceed  60°,  is  always  10."  For  deviations 
from  60"  to  70°  is  9i",  and  9"  for  deviations  from  75"  to  90°. 
The  magnetic  needle  here  acts  as  a  pendulum  which 
oscillates  under  the  action  of  weight  among  small  ftmplitudesy 
since  the  deviations  are-  isoehronic ;  but,  nevertheless,  with 
this  difference,  that  in  the  pendulum,  when  the  amplitude  of 
oscillation  increases  beyond  a  certain  limit,  the  time  of  oscil* 
lation  increases  equally,  while  the  contrary  takea  place  in  th^ 
expmments  we  have  described,  viz.,  that  the.  time  diminishes 
in  proportion  as  the  amplitude  increases  from  60°  to  92^J 
This  result  is  bound  to  the  propagation  of  heat  and  electricilij. 
in  bodies. 

We  will  now  take  two  bodies  of  the  same  nature,  equal  aad 
disposed^  as  before.  For  example,  two  discs  of  cork,  of  whick- 
one  has  a  smooth,  the  other  a  rough  sur&ce.  If  we  tub 
them  together  in  a  regular  and  determined  manner,  and  pre^ 
sent  them  simultaneously  to  the  two  faces  of  the  thermo-elec- 
tric pile,  the  magnetic  needle  is  immediately  deviated,  and 
the  direction  of  the  deviation  indicates  that  the  disc  witk 
the  rou^  surface  has  taken  more  heat  than -the  other,  and 
that  in  a  {Mroportion  which  varies  with  the  mpidity^  of  the 
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ftieli^ti.  T)ie  tame  -is  the  resak'  ^Hkbii  ^^irf^iYab  a  piece  <of 
{ffdiAhied  agamst  wq  unpolished  pieos  of  i  glads.  >  Under  the 
eivoQfiikfeitansces  whieiiv\r«  'have  operdted;rith6  fint  has  takea 
ladf  iftsiittle  hear  a^the  «»e6nd.  H^de;  iwe'lsee  that  th^ 
ddaorbiiig'  powier  of:  bbdicei  inflaeDoes  the  liberatioa  of  heat 
hjitii^icm :  however^  tfaia  nAeiia  iiot  geiseral,  for  whita  satin 
iiku^w  more  heat  thail''  ldai<^hnwhi<th  has  sk  greater  abs<»rbiiig 

If  we  sabmit  to  exptt«ineiit^4bedje8iaf  adifferent  natuiey  we 
obtain  the  following  results:  Ist^  polished  glass  and  cork; 
the  fiiat' takes  more  heat  than  the  aeobndimthe  proportioa  of 
84  to  -&*  2d^  unpolished  ^flass  lapid'Tooric  ;*  •  the  relation  df 
t«inj^ratare  is  40  to  7.  Sd^aibNse  aoad'^cark;  the  first  ii 
beatiid  above  the  second  in  the  '{troporlien  of  50  to  12. 
4th',  'Caoutchouc  and  cork;  thiie> tCtttiperatare  of  the  firi^  is  to 
that  of  the  second  as  29  to  1 1  ^  luiQ  aoHoa.  -  '  n 

From  the  numerous  resahs  w^  hate<obtaifLed  by  the  frictioii 
of  bodies  of  different  natures^  We  havta ^not  yet  been  able- 16 
draw-  from  them  any  simple  laws,  cohsidering  the  diiflfisrent 
daoses  'which  coocur  to  the  general  idflfecti  It  only  a^ipeain 
thsiliheF  nature  ef  the  body,  aiHl  th^ab&iracticm  mabde  by  the 
boiiduc<Jbility,  exoercise  an  inftuetoe  whieh  the  s4iate<]f!4lw 
riorflifee^^siiot  always  destroy,  i    =      ?  ./tjii^^ 

I 'W^'lSarre  not  hitherto  been  able  to  discdper  the  ttin^'eauaes 
clF^tMs4nfiiS#)^d^, -which  depends  on  the  nature  of  thd  bodfijs^ 
itfd'  ppi^bSHbly'  on  th^  anrangement  of  their  molecideis^'dDiuti 
it^ls'^v^ft  mtidh  ^^^hctve^  distinguished  it  by  experimestit  siiioe 
it  givei'US^  aib^'el^m^nt  mote  than  the  thebry  of  heat  will'^ilb 
able  to  lakehefiteifopth  in  consideration.  If  w^ now seck'i&r 
fl!i>eTeIa^oa'  whtoh  eisists  beftween  the  produfction "of  fata&4tid 
Ihatof  eS^trit^ty^'by^the  mtitual  Mctioa> of  twi» bodiew,  tii^ 
C^ldiWi^  a^'th^  consequences  deduced  from'reci^<ess)ent- 
tfih^nM';  i^he'di^pkoement  of  the  parts  of  ^  (he  suifec^^Yatibal^ 
la#^^k;£lUsed  a  liberation  of  heat  «]dM^^rid{tyjiitw4$>i^fl^^ 
^h»dh  bre  in  a  reciprocal  dependeileef;  ^<liisrd^ndda«)fais  te 
^e%  so*  kidcten  that  it  is  impossible  to  affit^i^^  wi^fhWxosiK^opSF^ 
4dfede[^  the  other,  and  tAce  versd;  atip¥«eftif<ye  lbati^i»Sy'«Mihe 
totije^ltires  on  head;  conjectures  whieh^tt^dHo  ii^<$)^^at^teto 
priMie*ds  ^  fro^  ^eteetricity,  when*  the  btHli*«  irf*  ^  tAe^'cpafite 
rfiattttfej^l^dicondttcteitsof  heat,  anddiffiiring<««ly  iftiflie^tatt 
b^^thfeirmiifaxjfesr  that  which  is  heat^  €Be'^^i]iOM'1^k*>^tbe 
he^k^'^tectrJcity/  and' t^c  t?er^il.  '  Whett'^«he^b!(S>di«fffifl« 
a^fi^t^^  feflfecte  bebo^e  v^ry  coftiplex>  and-dte^Onfylft 
ifedi^^siebaq^haWng  the  results  bcffore  our  eyes."      v '  '\  •  ' 

New  facts  permit  us  to  extend  to  light,  the  relations 
discovered  between  heat  and  electricity :  they  are  furnished 
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by  phosphorescence.  We  know  that  this  phenomena  is  mani- 
fested whenever  tbe  'patticks^of  bodies^  •  which  ate  bdd'^^mf 
ductorsof  electricity^  are^rdi3lB£bed<|b|i  percii^fiiQa^  &i(ilito| 
heat^  lights  an  electric >thoo^,  aK.Gv&vwhGm  they  aoret'diioosb 
posed  by  a  chemical  action.  'ThefieF<AreK{)reic»iely  ihB-4«L^^ksi 
which  also  liberate  electncity ;  hoi  Aei|diJBiton)i^on^eiiigfiMte> 
cular^  the  recomposition  <>£  Ahnltlierasbsdelfictoi/eilies  turomi^tb^ 
molecules^  causes  an  -iaifinite'  tnaikbefoi  o£  •  sitnaH  ^ps^ksr  w]ukAi 
together  produce  a  faint  light  similar  to  phosphoresoeoofri 
whence  we  may  conclude  ilbatiphosplDiosQSceiiGe  has  an  electric 
origin.  -'.Ifq    ^^l   :'^\.  ^:^-  ■  ■  :.].-. 

We  were  ignorant'  firooifiTHiettce  the  phosphorescence  .jn 
Lampyres  and  Infusoiirdsi']Brooadded^  and  whether  it  alsatx)idd 
have  an  electric  origin  ;!fidiBe  important  eKperimenis  of  M> 
Ehrenberg  have  shown  it  t<»  us.  This  skilful  physkdogist  btml 
just  studied^  with  particular  attention^  the  light  emitted  jxin 
dark  place  by  Infiisoirefi  aiuiQl  Antielides,  which  render  theseia 
luminous  in  certain  counliiefty  and  especially  when  a  light 
breeze  agitates  its  surfaoe.  Having  placed  some  water,  eon^ 
taining  these  animalcul8&>on-tfae  objeet^table  of  his  mior^soq^i 
he  was  very  much  astonbfaed  to  find  the  faint  light  whi^ 
surrounded  them,  was  otAy  the  union  of  a  great  many.  ^oat^U 
sparks  which  proceeded  fro!^  all  pi^rts  of  their  bodi)^i!)fmd 
chiefly  from  the  bodies  of  the  Annelide^.  Theae  ^^];h9/)iibifb 
succeeded  one  another  with  great  rapidity »'h^d  8u^;a(r^Wm- 
blance  to  those  we  observe  in  electric  di6cbi^)^pei^ir;tI|M^» 
Ehrenberg  did  not  hesitate  in  eatablisbing^  tb^diden^y 
with  them.  He  is  also  certain  that  therJdgktHemHt^d.^^-net 
due  to  any  particular  secretion,  but:tO'affip<mtweQU9«t4t  of 
the  animalcule:  and  it  is  showa  ^  Ofte^i.'i^.We.i^itcitQ  i^ 
either  by  mechanical  or  chem^iqai  tai^ib:»r  ^i^*i  ?^^n$^ts^tij^ 
the  water  or  pouring  either  acid  or  aleahp^tth^r^M^i  ^iTJ:^i9 
is  another  analogy  to  the  tocpedo  which. '  pn^^,  g^^f^^lii^ 
discharge  when  irritated.  In  the  aium^liQulpe>.C^ifitntk|^ 
torpedo,  the  discharge  reieQmmences  after  ^,  q^^taia-^n^^jlji 
of  repose.  May  we  iiot  conclude  from  thi^;  SiUni^ti^d^i^ 
effects,  under  the  sameeixcumstances,  that  there  is  ana  .iicl^nti^ 
in  the  causes  ?  We  know  beyond  a  doubt  that  thi&.^aus^.ia 
the  torpedo  is  electricity  i  we  must  therefore  admit  tha^t  ,^tH« 
also  produces  the  phosphorescence  of  Infiisoires  and  AB)^id^^ 
It  is  very  remarkable  that  luminous  pr  other  pbi^o^^fQ% 
which  depend  upon  electricity,. are  so  .much  ^trp^^^gerr^a^  jtj^ 
animals  are  smaller.  It  appears  that  this  pi:afu(Jun,o£,^}^j^i4^ 
fluid,  emitted  only  by  beings  of  an  inferior  Q^erj^:^  ^fiffiil|itQ4 
to  perform  some  other  functions  in  th9«e  ,^f  (#[^Pf?B6lH^$^^! 

>.-      •   .  •-*.-;  aofi'i   wo VI 
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May  we  not  sfter  this-coDclucle,  as  M.  Benteliuft  and  othe^ 
philofiophen  have  adTanced,  that  the  light  emitted  in  com- 
Uoatiooy  which  gives  place  to  so  great  a  libeiaticm  of  electricity, 
abo  results  from  the  discharge  of  an  infinite  number  of  smsdl 
spaiks  prodoced  by  the  combination  of  the  oood>nBtible  burn- 
ing boiues. 

Hence  we  see  that  the  relations  which  connect  light,  heat, 
and  electricity,  are  every  day  extending  and  convincing  us 
Ihat  these  three  agents  which  preside  over  the  constitution  of 
mdecular  bodies,  proceed,  by  all  appearances,  from  one  prin- 
ciple of  ethereal  nature,  spread  over  space  and  all  bodies. 


LVII.     Organic  Chemistry.    Mote  om  the  FormomethykU. 
■  By  M.  Malagutk* 

The  forniCHn^thylal,  discovered  by  M.  Gregory,  is  a  body 
of  gr^t  importance,  for  it  is  connected,  by  its  composition^ 
with  one  of  the  most  creditable  the<^ies  oi  Uie  cethers,  giving 
it  one  of  the  strongest  arguments. 

Thp  ibraiomethylal  is  coni^idered  as  a  f(Mrmiate  of  tribasic 

3thylio  a^her,  analogous  to  the  acetal  which  is  also  con- 
ered  ^  an  acetate  of  trebasic  sulphuric  asther. 

In  order  to  see  if  the  formomethylal  had  the  constitxition 
whioh  wan  attributed  to  it,  I  decomposed  an  atom  of  it  in  the 
eapeotation  of  obtaining  an  atom  of  the  formic  acid ;  but  I 
only  obtained  half  an  atom  of  pyroligneous  spirit^  and  also  a 
particular  body  endowed  with  several  characters  whioh,^  'fer 
want  of  9k  profound  examination,  might  be  confounded  with' 
the  fonnomethylal  from  which  it  is  derived. 

The  composition  of  this  new  body  which  I  call  methylal^  i& 
ei^actly  represented  by  C^^'H'^O^,  and  the  density  of  its 
vapour  is  2.6  or  4  volumes,  while  the  formula  of  the  formo- 
methylal is  C '  ^  H*  ^  O^,  and  the  density  of  4t& vapour  is  2.'4> 
or  6  volupies.  .j>  .*« 

We  see  by  subtracting  the  formMla  of  the  methylal  from 
that  of  the  formomethylal,  there  remains  half  an  atom  of  for- 
miat^  of  methylene.  '  .     .  .,  .o. 

C 1 6  H « o  O  «=  formomethylal. 
C»«H»«0*=methylal. 

C*  H  *  O '  iz:  ^  atom  formiate  of  methylene.  • 
The  piethylal  is  limpid,  has  the  samei  smell  as  the  formome« 
tbyla),  and  requires  about  three  volumes  of  water  to  disadve) 

r 

*  Translated  by  J.  H.  Lang^  from  the  Comptes  Rendus  &ci, 
No.  9, 1838. 
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it;  potasBa  separ^tej^^  i^  from,  ito  aq^id^na  ttoluUoiit  It"  is 
soluble  in  alcohol,  aliui  at  +  42  deg.  o^,  under  the  pressure-  d| 
0.761  millim.  Water ibeiog  I  it  w^aO^^Sl  at  4*  ITdsg.  oJ 

Notwithstandiagitheatyikitig'reklia&'bdtiveen  tbe^oiethyki 
^nd  formom^fchylal^  iiolwithiilMdfiua^  tb^ill^qsity  of  UiifS'laitQp 
body,  which  nanction,  if  I  may  so  speak*  this  relatioxishi^so 
evident  and  so  simple;  the  fQrf»Q0i4thyjeljislOBly^  a  mistu^  of 
the  methylal  aad  foiimisuke  of  )n>^yk0^    .      . 

If  we  distil  sQai«jforfiftom^htl^>  whose. compcait  hsiy 
been  verified  by  sevf^.tm^^i^  jtoalgtsii»,>aiid  divide  th^  prodbct 
of  the  distillation  ii»toi>6»PtMm9^  w«  ^hA)l  find  that  each^&^p'' 
tion  no  longer  presents  the  same  composition. 
.  The  formom^thylal  which  I  have  used  in  my  experiments 
has  given  by  analy^iflv  QOitiiher^  which  are  confounded  ^ith 
those  of  calculation.  On  analyzing  the  first  prbdudf  of.  its 
distillation^  I  found  in  it  2.3p.  100  less  carbon ;  and  on  the  con- 
trary, I  found  l.lp.  lOO  those  on  analysing  the  last  product. 
As  regards  the  nature  lof*  the  methym,  ray  estpprimmts  are 
Bot  sufficiently  ^dviseed  td*  he  able  to  decide,  but  I  can  say 
with  certainty  that  the  methylal>  that  by  the  aetioii  of  certaii^ 
oxidimg  boiBes,  isbeisyeiteQtH^  Ibrmie  a<iid. 

I  QBXB^t  say  wb^tteic  py)5(digaeoiiS'9pi]9t»  be  forioed-at  tht^ 
9ame  time  or  not,'  aci'myi^tho^'Of  ex^«riiU6]iti|ig^6?eiQ^  dbo^ 
from  insulating} oir-ei^e^:i^<^gniziiBgtha8iJb6dy.'       ::  r:    ^ 

But  whatever  m^ '  bei>4iie  i}atiire' of  the) noletbylftl;  fAt^zw 
ttue  as  in  formoip^hyliLl,  &r  f^om  beiagf 'a^i!riblUBie'<€eibb^'PS 
it  has  been  supposed,  it  is  only  «  mixtui«'  of  fbtfiiSatei  id  i»et^- 
leue,  and  a  substance  whieh'Camiot  be  'cdmpaiiiid  tb  thb  eom»' 
pound  9ttier&  ■'■•'»  "-•  \^:'  i-:-\  '■  i 

As  soon  as  I  havd  eontpleted  <ihe  reseaniheiici'hai^'ixifiddf**' 
taken  oh' the  ^ialiire-of  the'ao^tal,  LsballliOT&tii^xhotKmr  of 
aubmittihgi  lb  tlte  Jwdgm^t  df<  th^  'A^idkmiYy'Wli/'Ojx\srth&> 
vesnitfi  rellntiVe  Iti  this  latter  [body, -^bvt  also) the  w))u>ki  of  tji^' 
details,  anjabridgtoeiLt  ^  whi<;h  I  aip  dov^rmitted^tolf^l:^' 
sent.  '  '•  •^" 

Organic  Chemistry.     JVote  on  the  products  oMdined  6^'My 
Masson  from'^d^ihsnhtofide  ojzinc  to  act  on  alcohol. 

M.  Masspn,  an  old  pupil  of  the  Normal  School,  and  pro- 
fessor fit  Caeto,  had  aooressed  to  the  Acdldemy  a  memoir  o^ 
the  fbrmatioiif  of  '  tetiier  winch  results  (torn  the '.a^ctioh  '  of 
chionire  of  zinxs  on  aleokol.  He  has  just  com^ted^tfefe- Wtk 
by  some  analyses  of  the  produpts  tha(  he  had  obtained ;  made 
at  the  request  and  in  the  labof  M^ory  of  M.  Dum^;  6icl^  bf  tn^ 
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sbpiit  160%  obt^td,pBff4litM^«|a^wti#Pirfrt!^^  did.rmit 
Wise  .until  200°^:  H^  ^J39^[)f^d.  i(^.¥iM^l%  simftd^  ipf  wkik 
xemaxking  thai  it^oHldj^f^Ba^tadi^^  $fflVi^^)crf;]9lM^qRi| 
volatility.  •  c^.M  bjiji  ^1j-»i  ;.  »  r*   !>■  •  ".  j-t-  *v^(k  •»  t  M^ji 

From  another^  ex^nwi^oa^ . tQ.  i^hip)H^Mm)tb|i|r/|(^)4i^^ 
these  tyfo  prodiicts,  t^.fi^/iulj  )v^^mf^M'i  Wfm^^  4abajtitkb 
least  volatile  ceases  at  aoodt  300  ,  wnen  it  b^  Wtall/of^igp 
matter*  This  product  ppfs^^^^a^j  t])|e;  ,9Kiu:acteristHM  of 
light  sweet  oil.     Its  anajyj?is(^)^jj  ^^^  ,  Vr  .  '         -    ".,,..« 

Carbon    ..*.>.  ^,,  08,4    .  ,.  « ,  1 

'     100.9  r 

Which  corresponds  with  C^*  ri'*'  or  with  0«  H^  Tto 
analysis  agrees  with  neither  that  of  M.  Hennel^  nor  of  14^ 
Seniles.  It  is  nearly  similar  to  that  which  M.  P.  BouUay 
and  myself  have  given. 

.  The  ihoftt  volafilD  product  censescatillraB  ttia&.lOO^,  isr  Very 
£itnl,«f  d  tt»  ^mell  ros«inbles  thatctf  mapbrtias-Ji^  m>mpmilk% 
h^  «nnurkihtow  ^  Itas  the  carburb  rof  rliydrogeny  tiaft'4n«Bt 
hycbrogenerated  liquid  known.  It  cootaimn  •>  :•  ;  iniiiooo 
-.  '  *  '*o  rHydr^Wi  .*..♦.  15.7 ■.-..-'y  w  '■  16i7  «  ^rfT 
rl     •    1  wGaf]^<to   .^  ►  .  .  *  .    84*5  ://.  i  .    84*7     p  Usi 


100.2  100.4        .  ., 

Whence  we  take- tdf  our  formula  C*  »•;     But  ^i&bii  '%« 
density  of  its  va^otti^;  which  is  equal  to  4.18,  wemay  re^iftriJIii 

Thus,  there  would  be  in  M.  MasSMi'S  oil  two^Citf&i^^iSSp 

pJ^ett'^lBifai,-  bV  uniting,  vrOiM  teprodtte^-BifeiiiSBrited 

tt^fr^  Wbidb  they  are  derived.  «  "  »^  - '^  "  ^^  ^^  «oJfi 

Volatile  carbure  .  .  .  .  m-^z=C*H*  .  .  4.1 

Sweet  oil  of  wine.  .  .  .  X-JL^hre*^**®**  ^nibsosTq 


r  ''^,      .y/     '.  ..    ••' 


■•*"  ^ 

^  %, 


©rj-iJTifc  Cfhemistry.  On  the  composiHoh  d^'Su^di^^. 
kSetatimi'  and  on  the  nitro-sacchane  <icid  x^j  B^t^owml 
By  M.  BoussiNGAULT.  •  '      '  '  ' '"  ''^  '^^^ 

Si^gar  of  gelatine  prepared  in  the  usual  manner  by  means 
ht\M  if^fctlbh  of  su^hiiric  aeid  on  strong  sii«,  atecowfing^to 


Sugdnjof'  CkkUine;  and  on  mtro-saccharie  acid.    4)^ 


/.  '■■.<  ^ij\ 


^^I^.)±be  Bitro-saccharate  of  .ooppe;F  prepared  f%:,t!;^0r  4irfBtpt 
combination  of  acid  with  very  divided  oxide,  then  dried  at 
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^MitBauimiwmUKf^ al#ft3h>  oontains'a  soluble  quantity  of  sftliiie 
matters  :  so  that  after  its  combustion  it  leaves  from  2  to  li  [ 

^i*yimkv%i^^  f  Ipdt  ^e  may  obtain  it  in  a  pure  state  by'  the 
^imi(kibmkkft^  'tA  the  soluble  salt  which  it  forms  with  barytii. 
JfiW^mB  {purpose/  a  sdution  of  sugar  of  glue  is  made  to 'boil  i 

ifai|>'«<dktie'time  ^ith  a  milk  of  baryte;  it  does  not  disengage  > 

itself  of  ammoniac ;  it  is  filtered,  and  the  baryte  separate 
fewiifi^tdy  front  the  filtered  litjuor  by  means  of  sulphuric  acid, 
ii^'is  a^erwards  evaporated  to  a  pellicle  and  then  the  sugar 
^fekly  crystallizes.  -  | 

*^   S«gar  of  gelatine   i^  Td;tli6r  iriore   soluble  in  water  than  ! 

sugar  of  milk ;  li]^Q  the  latter  it  cracks  under  the  teeth ;  its 
sweetness  is  rather  intense  and  leaVes  a  disagreeable  taste 
behind.  Once  dried  in  a  dry  vacuo,  at  the  ordinary  tempera- 
ture, it  loses  no  more  water  at  130°. 

The  mean  result  of  seven  analyses,  the  details  of  which  may 
l?e  found  in  M.  Boiissingiault's  note,  gives  the  following  rough 
formula  for  the  composition  of  sugar  of  gelatine. 

Cl«j^3lO»lAz^ 

«  rBy  causing^  a'  soUitioB  of  sugar  of  gelatine  to  boil  over 
powfiered  lithiy*gei'We|obtain  a  liquid,  which,  filta*ed,  presentiB 
fta  ^alkaHne;  .reactifm,tand: sufficiently  evaporated  Jsnm  by 
cooling  a  cry stallineimlivs;    ' 

The  mean  of  four  analy^s  has  given  for4/kib  s^t  of  basic 
lead,  a  composition  which  may  be  represent^6y  the  formula 

C^«H'^O^Az^3(PbO), 

^^ch.comp^T'ed  with  the  preceding^  would  indicate  that  by 
^ppjljiijiii^ig ,  witl^;  tJiTce  ^oms  of  owd^j^th^ysugajr^of  glue  lost 
two  atoms  of  water.  Under  this  supposition  the  bkorxkoi &T3l^¥ 

^^i^^fi^ji&M^T  the  c(^mbmation  of  lead  ja^ jBeutral,  1^ 
atom  of  the  sugar  will  be  reduced  to  835.7  apdtheanhydjn|t,e4 
sugar  would  be 

;  I.  IT     )      C*H^O»  Az*.  ' 

But  then  the  uncombined  sugar  must  be  represented  by  the 
preceding  fcrfi{uia'ih  faq. 

The  nitro-saccharic  add  prepared  by  M.  Boussingault, 
according  to  the  process  indicated  by  M.  Braconnot,  but  with 

^a|]^DJ[^^ur^  gdatine  and  with  certain  precautions^  ii^cjji^ed 
iig^^UeAote;  has  given  a  composition  which  may];^^  regi;£^^^e4 
6y  tne  following  formula  :  ■ 
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130%  the  acid  has  beQQ.fbund  ia  the  san^  sta.te  as  b^ire  the 
combination.  \       ^  m.  - 

At  this  point  of  desiccation^  the  salt  is  of  a  pale  blue^if  we 
expose  it  to  a  higher  temperature  it  takes  a  decidedl]j||^een 
tint.  This  colour  appears  at  about  150%  and  we  perceiye 
some  water  in  theupper  pa|i;  of  the  tube  containing  the  s^t. 
At  180°  or  182°  the  detonation  takes  place. 

The  salt,  previoualy  dried  at  130°,  and  retained  for  seve^l 
hours  in  vacuo  at  a. temperature  of  165°,  loses  0.1771  of  water 
in  100  parts. 

The  results  of  the  analy ois  of  the  njtro-saccharate  of  anhy- 
dratedcqpper,  permit  theadoption  of  ^therof  the  two  following 
formula  mr  the  composition  of  this  ^sM;  i . , 

C»  H^  O^  Az«  CuO,  <»:<3*  H^  6^  Az*2(CuO): 

but,  says  the  author,  it  seems  preferable  to  adopt  the  last  of 
these  formula,  because  it  enables  u^  to  estabbui  a  relation 
with  the  sugar  of  gelatine. 

The  nitro-saccharic  acid  being     C*  H*  O®  Az* 
If  we  take  away  the  azotic  acid  O*  Az* 


liiere  remains ^  -t?^  JHt*  O   Az« 
ill  the  salts' beinff  C»  H*  O' Az^ 


TTie  sugar  of  glue  ill  the  salts' being  ( 

which  shows  that  by  combining  with  the  azotic  acid,  i^gar  of 
glue  loses  more  water  than  would  be  necessary  for  passing 
to  t^^  jstatie  in  i^r^ch  it  is  found  in  the  salt^.  ^       .  ^  ^ 

LV III.  Mmimr\c^^nmo electric oondeMer.^SpMi BtcusT.* 

^he^  lieiy,  cQ^denser  is  composed  of  three  unnoj^^l^  glass 
,  plate's,  wl^^cihftve  been  carei^Iy.grpundtog^Uierla^uflti^^ 
jpletely  covered  with  gold  leaf  fastened  with  *ajbuinijiei!.^^^D 
^ . .  of  these  plateif  which  I  shall  call  A^  Js  fixeil.  to  a  cpnana^n  gold 

"leaf  electrometer ;  its  upper  surface  is  cpy^r^d  W^^ 

.     The  second  which  1  shall  distinguisli  by  ^,  is  p^^  the 

\'   "first/ and  varnished  on  both  surface^,/  A  srlii^^JCop^QJ;f^wi^e 

,   cjareJEiiliy  gilded  and  unvarnished  is  fixed  JEiprizonKI^       a 

point  in  its  circumference ;  it  has  at  its  ct^ntre,,  §imil.ajrto  the 

moveable  plate  of  common  condensers,  a  glass  han^qfle  for 

moving  it  with.  Lastly,  a  third  plate  C,  is  plained  on  this  last 

with  a  hole  in  its  centre  through  which  passes  the  wire  of  the 


1 1 


V 


r  t 


r.ri 


,     * ,  irnmslt^edj^  iMr>' J>  H.  Long,  from  the  Ckunptes  Bendus,  &c. 


M.  Pecletj  on  a  new  elkctric  condenser,  463 

Opiate  BV  Ae  pTdfe  C  is  only  vatnished'on  the  lower  side  and 
its  x;entria|  o;rifice  is  supplied  with  a  glass  tube  which  surrounds 
'the  wire  of  thle  plate  B,  but  of  a  less  height. 

The  following  is  the  method  of  using  this  apparatus.    The 

/  iipper^ptate  is  touched  with  the  metal  ^bf  which  yoit  wish  'to 

discover  the  action  on  the  gold;  Ihe-platei  B  is  put  in  connexion 

,  with  the  ground ;  we  supptess  thiS' iorip^xion,  raise  theplftte 

y  C  and  twch  the  A;  thisjs  repeatedu'cettain  number  of  titaies ; 

at  last  by  means  of  the  wire  on  the  plfeite  B  we  rai^e  B  and  C 

together ;  the  gold  leaves  of  the  electrometer  diverge,  mor©  or 

'less,  in  proportion  tot^^  number  of  qontacts. 

The  case  whidh  eiitJbSi^s  thje  gold  leaves  is  formed  of  parallel 
glasses,  and  placed  on  a  tiivet  provided  with  a  sctew,  on  one 
side,,  a  veriicaVpIate  pl^r6efl  with  a  small  hole>  end'  on  the 
\  ptber  a  portion  Qf  a  .^j^idjet  .4iyj4^  verticaUy^,  wj^ijose.  centre-,  is 
the  «ame  heigil^t  atS.tJ^ph^in  the  plate  and. the. upper  ex- 
tremity of  the  gold  leaves;  by  looking  through  the  hole  in  the 
plate  we  pbserve  the  dev^tjon*.  . 

To  give  an  idea  of  the  power  of  this  apparatus  I  d\all  relate 
two  series  of  experiments.  By  touching  the  upper  plate  with 
an  iron  wire,  ?iftei:  J,  2^^  3, 4, 5,  and  ID  contacts  the  gold  leaves 
diverged  9),  20V25^  ^1^41"'^  aha',fe°.  .    r 

By  touching  the  upper  pkte  with  a  jdatin^' wire,  £C  single 
contact  produced  only  a  slight  deviation,  which  was  increased 
-.     to  15°  alter  three,  ana  to  53*  after  twenty  c^ptact^^    ,     , 

The  experiments  with  the  platina  w^re  madei)^  en[iploying 
^   a  platina  wire,  which  had  just  beeh'red&e^ed'V  *Sh'  alcohol 
flame,  and  washing  my  hands  in  distillea%aW.^'^l  was  con- 
vinced beforehand,  by  making  a  great  number  of  successive 
*    \edaiakt6'  iii<^.hich  I  tocK^ed  tne  upper.<phAetivlAL  ihj^  finger, 
^b^t  th^  plates  concealed  no  electricity. 


•'Jf^Mii^^Wte  perfectly  smooth.     '■  ' :  "^^'"^  'f^- 
yrlJ  ^og^y^^^^f^^{,^  abuble  and  common  cohd^nserl  "1'  W 

^'^^^''dffiaS;^^^^  t^^^  which  Ihave  ot>fef^t4^We 

^rft  Sr^M^'^  ^^  to  gold,  and  these  metals  arranged  In  the 

^  ^  oidfeif'pf  ^^ir  elettVo-motive  power  with  regard  to  gold  are  as 

•-;:.'   '  Zinc  Bismuth  Coppei^ 

'■'^^'  Lead  Antimony  Silver*    ' 

Pewter  Iron  Platina. 

-  *  r  The  effects  produced  by  bismuth,'  aritiA6ifty,-Mhd  4r8n,  dif- 
fered so  little  from  each  other,  that  I  could  onlyclkssify  them 
by  taking  the  means  of  a  great  number  of  experiments. 

2C2 
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It  is  evident  troat  ^e  •rrangeiDenls  of  the  nymaftis  that 
the  qouiLily  of  eWctricity  lib^ted,  wfaidb  caoaes  the  g(^ 
leaves  to  div^-ge,  i«  pmportuHial  to  the  aaiakei  of  (xmtaots ; 
bat  we  fiod  from  Dameroue  experiraente  that  bs  far  as  afaonb 
S0°  tfae.deyiation  is  proportional  to  the  numherof  nmtBcts; 
thusvitkin  this  limK  (M  deviatioo  is  in  froportioD  to  the 
quantities  of  electricity.  It  wooldbe  eagy  to  make  a  table 
which  should  give  tbe^iBBntilaes  of  dectricitj  corresponding 
to  the  devialions  wbjd)  exceed  20% since  tJwBe  qnantiliea  axe 
propcMlioaal  to  the  namber  oi  the  costacta. 

The  simfJecondenseTBormoUipbersoannotbowevH  deter- 
mine the  relations  of  the  e^ct  produced  by  tite  contact  of 
gold  and  diSerent  metals,  since  these  proportMns  vary  cod- 
siderebly  with  the  thickness  of  the  ooat»  of  varnish  on  tJM 
plates,  of  which  1  have  satisfied  myself  by  oompwing  the 
results  ofexpaiments  made  with  diftretit  a^azatns. 

The  instrument  that  I  have  the  bonoor  to  present  to  the 
Academy,  being  of  a  sraudbility  somewhat  indefinite,  oBea  ta 
pbiloeopfay  a  new  means  of  investigation,  which  I  h<q)c  will 
comtribitte  to  throw  some  light  on  the  singobcr  phenomena,, 
wbioh  are  produced  by  the  contact  of  bodies. 


LIX.     On- tie  i^ercM  phenomena  of  eleetricitg  at  r'At, 
and  elec$ricUy lin.motioa.  By  C'baklbs  V.  IA'alkeb,  Esq,- 


1.     A  paper  was  lately  read  before  the  Society,  wherein  the, 

author  endeavoured,  to  prpte,  that  homogeneous  attraction 

and  not  repulsion  exists  between  the  particles  of  electrjcity.* 

He  has  candi<£y  invite^,  the  opinionit  of  others;  aoU,  though. 

adducing  an  experjnient,  the  experiment  to  which  tbepreseriti 

commnnlc^tlojiftiilTni^ioiy  refer,  that  at  first  sight  seems  to,. 

support  nis  tinxith^sis,  yet  he  intimates  a  readiness. to9b^i|i^Qn , 

his  posrtitm  should  it  be  found  untenable.  ',..,,  ^ih 

',%  ''Itnwy  te'urged,  that  the  time  for  pur^niijg  this  ,?l)|>n| 

the  debate,  which  followed  tl^ereaaio^  9^-yWi> 

to  a  certain  extent,  it  was.     But,,.!  ap  siwe 

ded  me,  that  when  a  new  op^njoji  qt  experimeat,; 

d,  it  is. Hot  always  possible  tp  ?qier  unprepar^.j 

'argumfflit.     An  opinion  may  Wfonjied;  yet,^ 

oflimes  the  pecuhar  nature  of  the  fact  requires  a  train  pfj 

thoughti'tiot  tote  pursued  conveniently  at  a  moment's  notice. , 

3.     The  authors  of  papers  will,  therefore,  not  conceive  that 

the  length '  of  a  debate  is  a  measure  of  our  attention  to,  and  . 

opinions  upon^their  communications.  .      .■ 

I.  See  Annalfl  of  Electricity, 

r.  p.  126.  " 
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Jii4]  r.fiBt'9i)B  id^imay  assutne  «  nvc#e  ta<^gibl6  Ali^m-wtien 
4»iaStatt)d-woii«  at  leisure,  and'St'iB  gwwly  to  IW  i^feiiredj 
that.*he«e  our -wore  »inlKre(iopimoilS»bduld  be  redliced'Jlo 
onieb — ^8houl<ibet«iitedby  esperimontwiandshould'lWbttrti^M 
behove  •tbeiSooiety.  I  would' CtiMV'  VDitieti-like;  eTety  ■^^)^ 
reid'  h«e abquW  leave  a  (Mwfl-;  #  hot  df'i%(4B,iy8t'Airtly  of 

rri^m^iony  in  itS'Waksj '"    i-i"---  '1     ./Hn- i'  ■■■!"  .■" 

_  >S.  T*»e  main  pUTpeWe  trf>  s-SiJdietiii'beirtg^,*  that  tbei  nUltiwJ 
tKleats  of  menjbcTS'  riioidd  ibe!idir«t5t€d'to  any  snbject  <Biib^ 
mitted  to  its  considetstiiMi^'  it'^MM  tetid  greatly  tow&tdtbel 
object  and  iiLteia»t«f>  tbeSQiiiUt'eTcniBg. meetings,  were  all 
pnesetili  tocnlitiidcritbetoiselteri  as  concbrned  to  determine' tbef 
trutb  01 '  &Uftcy  efuhose 'pFOposkiosB,  which  a¥&  advaneleil 
b«e,aiid-ao  toeaterintot'lld  spirit  of  papers  read  brftMctheWj- 
asto  ba  piepsred  now-  or  afterwith  their  yeaor'nay,  -thein 
assent  to  <sr  diaaeoit  /rem  tite  rxtnchesions  adduced: 

6.  Cosoeining  theexpenmentfi  ofTered  in  ^v-our  of  bomo- 
geneons  attraction  ai  inconelueive,  I  have  inveBtigated  them, 
o|[Tather  oneof  t^m,  (th^otheTS  bein^  but  modifications  of 
tlaa  one)  «nd  bane  Tentmied  to 'SbowtW grounds  ofobjectiem' 
against  their  being  a  pbiloso|:4H0al>'t«9ti(il(^'in  tuppof&'ef 
the  author's  hypothesis, 

7.  The  experiment  referred  to  is  this  : — 

/By  suitable  cvnuigenMatB, tvo  streams  of  electricity  W^le' 
made  to  pa«8  m  vacuo  itom  tva  points,  sayA^and  B;  to-  a  b^, 
C,  It  was  invariably  found  that  in  their  passage, th^y  con- 
ve/rged,  and  enter'ed  th^  ball,  C,  in  or^ei  compound  stieam, 
fotming  an  appearance  resembhng  the  letter  Y. 

.8. '  It  would  seem,  that,  unless  h 
a  fondamentaj  principle  of  electricity 
bkve  continued  independent,  pursuin 
winJd  h^Ve  converged  till  they  bad  i 
iii^'ib  their  passage  a  resemblance  t( 
the  otber^  hand  homogeneous  repuls\ 
td'pfoV^y  'the  fundamental  principle 
divR'ge  «i\their  passage  and  present 

'9:  Btit'it  will  occur  to  the  attei 
idl^rtant  element  in  this  experime 

vi4.,  motion.  An  important  element,  because  it  leads  to  a 
bfatich  of  the  science,  unconnected  with  the  matter  in  debate, 
to  electro- rfynawifc*,  the  laws  and  phenomena  of  which  are 
entirely  distinct  from  those  of  electro-itoizcs. 

,10.  In  investigating  the  properties  of  the  fluid,,  p«r  say  it, 
should  first  be  accumulated,  then  left  in  a  state  of  r^st.  sa^ ' 
then  esamined.     The  result  of  such  an  examioatioii  will,  by' 
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no  'means,  cbrrespoiid'n4lh  the  i«golU  obtaiinftd.  from  -  flie 
experiment  now  imdel^  €oAMde»tion.  '-''').  .  .  / 
'  H.  The  distinetive< phfefM>mena  of  th«l^t«ro-«ta(e»*ape  so^ 
^ell  known,  that  fehtey*  sioarcdy  need  bfe  •  mentioned ;  y^H,  ^for 
the  sake- of  method,  li^U^  atiail  myself  of  the  >  following 
passage  from  Dr.  Faraday's  Researches  (Third  Series-j  S26f7); 
12  ^'The  various  {►henonwma  exhilMited  by "  electridity 
tnayj  for  the  poroses  of  oobip^riBon,  *be  arranged  under  >tw6 
heads:  namely,  tliol^e  dcmlieeted-witfa'^leii^city  of  tensioQ, 
and  those  belonging  to  ^ectriolty  i&'>^Mioni  'ThisdistinetioB 
is  taken  at  present  jiot  as  pbilOBo|4li€a),*  but  merely  as  con- 
venient. The  eflfect  of  electi««;ity»([>f'tetosibn,  at  rest;  is  either 
attraction  or  repulsion  at  sensible' 'distances;'  The  efiectsoJP 
electrical  currents  may  be  <;on]sideired  nus  -1  fiit>^vo)^tion  of  heat ; 
2d,  magnetism ;  3d,  chemical  deeoidp<»itioii :  4th,  ^isiologi- 
cal  phenomena;  5th,  spark. '^'    ••■ ,.    ■ .   •  : 

13. ''  With  the  experiments^  jarodactiveof  these  effected  all 
are  so  well  acquainted,thatitwoo}dbe/t^oiisfo^peattheni. 
They  are  mentioned  merely  to  «how»  g^iem^^rf^j^the  character- 
istic diiFerenees^  between  the  t%0'«ondi(ife«s]' they  remind -us 
how  largely^o^tfonis' concerned  iii  -prodcii^ing  the  peculiar 
phenotnena  ^  elefetrieity,  and  how  very  <»onfiried  is  its  agency, 
(even'thdiigK  a^mimlated)  wbena^  rmt,    • 

I4j^>^:©i&t^^re*ferife<fti5ect' simply-  to  enter  lirfo 

those'';i(>arUcidtei^k^iih«toti?  whereifi  mtfaeUon  and  repulmon 
are-tOiib^ffe*:iAJ^t- t-''^**^i-    >-  ■    :-'■.. 

Let^^e'bdndtteloii^AEt  mdchina.  or  a  wke  attached -to  the 

coiidUcfdr  suffibie^ly  long  to  reach  beyond -the  atm^osphere 

of  the  e^linli{er^%)#  connected  with  th^  esirth;    In  this  case, 

'however  j^jo^vferfcBy^he^tB^  or  how- 

ev^  ddntiiliiotli^  a(Ml  Copious  a  cinrrent  be  passing  ailong  .the 

'  Wi^#^^¥iding»it^i|»  tajcrtmore  tte  fitted  to  conAict) 

'ycft'li^^^  sii1^t^<^s#ilb 'remain  un^         by  its  pi^esenoe, 

''aMSk>wg^^«tc^^iri  thfe  immediate  vicinity.  ^  : 

I  15.^  ''mt-'tiiid^%  not  the  case  wh^n  the  fluid  is  oct^rest. 

F<it^if;*iAi9t^aAof  suflfering  pass  off  to  the  ^rtb^^iitbe 

-permitted 't^  aiccttmtolate  in  a  Leydsn ^ar,    on  tfefeting  its 

^  effi?ctd>'byaptH^^ching  a  pitli  ball,  tb^lal^ter  will  be  instantly 

attracted;  and,  if  insulated,  as  instantly  re^eWerf*  -> 

16.  IMi'liidiciates  an  important  difference  between  rest 
and  motion.  The  one  cdidilion  exercises  a  ponv^^rfol  disturbing 
inflUenefe^'tq)0^^  H^ighbtoiHn^  bodk$s<^  the  oiker  is  without 
influence^'  €^  'lea)9t  ^o  hx  m  attraction  and  tejndsion  are 
concerned: 'Sted  attractive  and  repulsive  influence  alone  are 
we  now  =e*^ifaing. 
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wherein  both  conditions,  moH&n  miiiXif^^JdXi^iiuvqived,.,  S^ 
iifi!  mj-owOiiaSQismm'Xu^n  ext^a4s^alt^iQ9^^.])i>1/be0^jdire^ted 
to  it  by  any  wxito.«i4he  sriftnitew,  :Ijt,i$iowtea>;  9>  Lq94^:J#9^ 
^ in/ connexion  wilh  the  ptim%  qpniiudto^sof^.mai^inff^^ilirm}^ 
theeylinder  is  revolving,, {■,  •")>;  ^; vj  [.^  ,  (  .:  .,«./.  ^„,,. 
IS.  In  this  oascv  xt  ii^ouldiiia^m  ^bajt^  ^  d9<m  as  ttiB^maohine 
is^put in  motioa^ aiiciMrrej^t  gf  ^uidopa^^s f^cnp^.th^  e(Mvdu<;1;cp[; 
to  4he  mr.  It  there  tsptsef^.  jit#^l£i¥i>  a  thiil  la7«r>  (if  I  Am 
allowed  thi^temi);aKf9;ih«i  uxmxiemimg^  over  the  surface  of 
the  wir6|  aadioveoritbi^^MlTfaeai  pfithe  conductor^  aft  forming 
pattof  th&wi]:«u. 'Aaiib^  i^^^]?^  in  inotion^  ^he 

lensioa  of  this  ac^wm^lall^d  fluid  increases,  by  the  additiotk  of 
fresh  layers- beoeatii  thi^  ;£()rmei:( ;  sq  that  while,  eleotiriQity,:!^ 
inmotio9t  beaefith  tbe>9Wrf«ee)  ot^r  electricity  >  is  at  re^^.on 
the  surface.  And  this  latter  as  might  be  expected,  e^certs  an 
attractive  and  repulsive  influence  over  light  bodies^'  the  other 
being  a&  before  inactive ;  but  this  is  digression. 

19.  The  cpnaparatiye  experiments  beariog.  more  immedi- 
^ately  on  the  ureryrpoiat  in  debate  are  theBet:*-*^ 

Let  the  negetivle  w^e  of  a  powerfiil  voltaic  arrengc^eQt  be 

in  oommuiiitiation<  with  the  out^  e<yiliog  of  «  U^n  jf^, 

while  the  positive  wire  is  brought  suddenly  tO:  t^rt^^obi;  ^tbe 

jas  will  receive  a  charge^  sufficient  tO;«Seqt{a^,eleGJ^opcope^  the 

^  gold  leaves  of  which  will  separate,  indieai^ii:^:  T^^^^i9f^  ^ 

20.  Let  an  apparatus  of  two  parallel  and  ipQkqy^blQ.wireSy 
delicately  poised^  be  so  placed  iji  con^exio^.witV^e  same 
>baitery>  as  tbat»  whem  the  circuit  is  4t<mple|e>'  the  puprent 
shall  pass  along  both.  If  while  traversing  we^  A>  ia  one 
direotioa^  it  ^averse  B  in  ihe^i^posite,:  t^  .^ises  wiU  exJhibit 
iAff^BKi&n^ldim  s  but  if  the  curxent  pjasa  s^cmg  bpth  i^  the 
tsMie.  jdinection  they  will  be  found>to  apjparofieb*  i9vin0in^,i^ig^ 
Q&iMiTfioiion.  To,  tibia  circaiaistQnee  then  wpuld^.l  cl^iefly 
allude:  that  the  same  voltaic  electricity rwhi|3b^wi^^:a4K?Piipalu- 

^leted  ia  a  jar»  MxA,  thence  distributed  into  tbe^eWtr<^ope9 

<bau8«d' (the. gold' leaves  to  diverge,  is  foimd  (whiie 'pi^i^g 

^  laloDgrfit  apparaite^  lis  the  same  direction)  to  cau^e  the  wives 

.ito^eonvexge^.'bcdji^'iii  theformer  case  a£re<^/  iathe  latter 

in  motion*        \  x 

21^  And  it  is  precisely  undear  similar  ^iicu^tances  that 
the^experimeixt  in  tpesitkm  was  aiade :  M     v   ' 

Two  streams  ofelectricity  werepasisedia  tberi^miC^  direction 
froa»  points  A  and  B>  to  a  common  destiniMiQI^  Q^, 

.22.  In  obedience  to  laws  observed  in,  othcprcmHei/Sfi  it  mght 
be  expected  that  they  would  (as  they  do)  evinfiiefjW^^Pg^^^^^^us 
attraction^  (the  only  difference  being  in  Uie  nature  of  the 
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conductor^  in  the  one  iijstwc^  >|fffere4.iiiHlib  Othfet*^VS4iifiiS3-  ^ 
B«fekiA  by  nti  ttieatiV t^^^  to^)«QnfflluiBteift©iiiHhftV'tli^  ^^ 


S3i  •  Lert^it  be  ofejecte^igT  Afi^l.ftej"«^^  f 

watrmoNtei  with  /Vif'^jpWj.qW  iand>i>ttot  imtiiicr-'is''' 

merely  made  becaase7exDe^q[l^nt;§^f<^th!til  ixi 

motion^  are  morek  generaUy  l$m3^^^^  ItO'ahow  that  botK' 

are  siniilar  hi  their  laws  and,  i^ifef^Sf)If<wiIt/agafttl>^aiI  rhysfelf  /' 
of  an  ^authority  td  whicfi  al]i<w^^p^ylr^pie?^'  '^(D!*:  Faraday^ 
Third  Series,  %  860. )  Tli^  gpi»e|;ali^aliMiKM|»  M^hkh  must,  f  j 
thiidq  be^drawnfrom  this  coll(ec|ip||of{|ii«jteisythttt^/^fnc^j^^'  *'\' 
whcstwernktybe  its  sourceyis'ide9(iiwtl'm^it^'naJthte,  The'  .*: 
phefcom^vain  the  five  kinds  pr^}3|^^i^!<}hoteij^  'diflfer  not  in'  V.] 
their ohatacter,  but  only  in  degree."  .   ^', .  -^^ ' 

24.    There  is  then  inserted  '^  ataUe^of  lhie'«iiperiinent^l 
efTectd  common  to  the  electrixjjtie^/ dmwed^  fh>tti  different'  'y, 
sources' j'^lry  referring  to  which,  it  iriH./henotteed' that  all  ' 
the  efeetn  of  common  electricity  :W«  tpucdiided 'by  voltaic,' 
andft^l^iAi      '..'., 
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25.  In  addition  to.  this,  and  as  if  to, supply  (wrery-e^id^fci  of -j^*' 
ident^yy  tHeitreiyfelfettnient  /n  yi^5/fi<9»i^a«befcn,^flrff^^ 
wires  Jwcrobbek  ^H'aiiged ;  electricity  .ftpp*.  tt»(madhiBfe^toS^  ^"^ 
been  pas^&^oiig'^h^in ;  dissinula£..cu|iTi^8<JMiv^f»li^d'^^^^'^^! 
and  simitar JiaipWtt'ttniic ted.  .   '»     -.r;  Imho^/  ^)iI  ^^onsiaflJ 

26.  jdFioiri'^tfe^e^t^ervations,  I  think  ife  wiUiappwai  *»9*a\«^ 
the  experiments  iii'^v^fttion  is  not  of  a  ki«d;ty»i  j>t  adkAk«lili%^'i^^  ^^ 
evidenceiixwft^ij^kwpt  of  the  author's  hypotbe|ift«,aad^ihei?feftft'e}^'^^^^^ 
so  far  i&iiie  ttewSry  of  homogeneous  attr§sti«..da^nd^i^^^^^^^^ 
this,  s^iWis^tf  Void  of  foundation. 


•I     «*  ; 
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27.  rlttwddttidn  <b  the  above,  seventy  or  eighty  eiqpwsimente  i ^I^^^i 
were  mta^i'(withHhi&sahte' object  in.  view)  by  paswng^oiwgl^^  ^^'^  ^^ 
of  electricity  over  the  surface  of  cards  capable  of  receiving  a  ., 
permanent  mark  thereby;  but  as  these  ar»  aH.  li«bie-t*>iib^^'''^^" 


^  \  ,:,' 


*  Viz.^  ly voltaic;  2, common;  3, magnets;  4, therm.;  5, animal. 
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in  \netion^\\X(i^y\lLl  ii)6ii.'be(ti«ctds8ary  ^;6  pllude  tq .^bew<&^dxer^^orl 

says :  ^^'If  the  aoove  obeeirvaU^ioAyaiid/'experimfpt^^         ihitt 
consi^ereitj,  SiUjffici^iilitOiestablisH'tfife  ^xis'ti^^     oi\\^  PQW^  of»'  *' 

ineiit^  devis^drtwying  th^tki^t^^'fcieth  ..   i:  .    • 

29.'  .  Should  thes8itith6r'4i*#€f1ie^tfiiade  with,  the-fluid at  '• 
re*?,  the  re$ult»  may  he<kdiiflsf61^/^hd,  should  theiy  :bear  " 
wit|i  them  $u®cicfliL^evliidenfce;httbdu^h  wedded  to  tJw^.apiiriQn  \\ 
of  homogeii^o^eirc|pMWa«^'l'VWIlfwilhrigly  rea]|g^  it. ..  .    .'-  i,'   ^'l 

3p.  Tl^e  psiius^iflrl'vddK^ti'bF'the  present  commudiciiiumt  lii 
having  heen  tojady^rl:tt>>'>the  feet,  that  electricity  i»*fWi!9/w»^^« 
and  p^ectricity  sQf.iemkm^^t^  different  in  their  .^fle^s^  .1  ^^q 
have  nqt  t&o^ght  ittB^d^i  to  investigate  the  cause;  for  wJhatf-  ».u 
ever  the  cause  be,  the  result  is  certeiii,  is  constantf  .     <  '.       ♦  - 

3}^  .In  coaclvisiooiIiMeiikl observe  that  as  these  obi^rvatiotm   *  ^ 
have,  been  nsiade.  ill  support  >of  >  thc^or etical  notioO;,.  same  fmj  •    - 
urge,  tbajb  sp  .loggias iwij  are  aequiain ted  witl^  ^e^cts.ai^ib^ 
modesofproduoii^g^tbemvitis^littl^  consequence  wh^t^^^3^  i    * 
depend  on  this  or  on  that  theory ;  whether^  for.  instaaee^  the 
phenomena  of  electricity  depend  on  ti^qijiuidih.oar.ani'^Hie;  or    , 
whether  they  originate  ih  a  series  .o£«xpansi(j^3;:^h<3><^trac-'    t 
tious.  '  For. my. own  part  I  must  cahdiclly .confess  uiat  I    • 
would  at  once  close  all  my  electrical  books^lock  up  my^pt)aM(« '  1 
tus,  and  withdraw  my  name  from  this  Sodiety,  linless  i  hoped     > 
to  derive  something  more  than  mere,  outward  signs  j;  some-  .-.', 
thing  more  than  mere  visible  effects  ^4  ^^  mDodea- of  ^; 
producing  diem^  from  devoting  my  time  and  •  thoughts -to  the 
study  of  this  science.  ■  ,  p  viflioinoinbbii  ni   .<"''-^    . 

32.  K  Tb«)iiitell^nal  electrician  is  .not!t^s^i^eyDl^i^Ul|*i^-^'\^^' 
shock|;Sb^-i5»»h,ithe^heat,  the  decomposij^q^^illiilP  isflicrioii^  -^ov.'ff 
the  m§g2|e4;b.  the -mere*  Btgna  operandi ;  he  wp^dfiok^Aigaftd  hbivJ 
further^<9lid| eiid«i6Vx)ttr  16  trace  the  modu^.pg^^p^a^rJdi'UBkMAk''^  t)iifi 
instance ;  he  would  penetrate  behind  the  veU;  ^^doM^ekiddoidse  -^^^ 
mysterjy^^  ]0:«iflf«)Klii      ^goli^te  ^e  whole.     Byrib^indnflti6qx^>  ^^^^ 
of  pary^9)9i»>  ibe  wbidd  (^s^a  good  stat€^ip^n)v£i»i9f^iiaBhoai    1)^  ^^ 
general^<((^e^  iasi'shoiM^sttit  every  indavifluAl -/^^iMl^'?  srbuid  i^>^  ^^' 
reduce  n^ii)^»  oode^  ixDHi  ^  t^mall  a  compa8|9/i,tWrib<^<^ii^^^  ;.^^'^' 
statute  book  could  be  registered  in  the  .Ini^d:fra))d)f1eQnld    '^^ 
render  itim^imapiB,  that  itsap^licatipi  tp  ^irexjltcftij^/pt^sfto^  ^'^'{^' 
be  readilj  perceived  and  as  readSly  effecteid.^  .  ^ri  i  invo  T^iionioola  io 
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LX,  0»  a  new ''impound  hf  Carbcm^and^^Hffdr^jfg^^A) 
-By  William  M;AutnTAM',»BsQ'.  Leetuter^^n  Ghmtistry^  "^ 
fte  iBoyo/  GaUeryk^f-Pratfticed  Science ;\adeiaiie  Sit^^, 

'  txmdxm^  Sfc.  8fcj^^  ^ConMiunimt&dHna  leftt^^,  datisd  Jum 
2Ui^  l9SS,'addrei9Mrp^heH6noraiy  'Tredsute^^&ftki 
London  EleePrmdl  Sohieip:  \  *"'»    « '  ^-'z 

During  the  yeav^  1834^  in  bonseqaenoeof  certsin  ^peiii- 
meafc8:tfaat  were  made  with  djffnrelitrkuids  a£  artificial  li^hfts^ 
at  the:Boyal  Gallery  of  PraoticalSdence;  by  Messrs.  WalkJns, 
Gardner,  Wilkinson,  andniyvelf,)  I  ^as  indeed  to  p^  am* 
sidemble  attention  to  the  light  produced  by  voltaic  electricitjt, 
through  the  medium  of  charcoal  points,  for  the  purpose  of 
rendering  that  light  continuous  ana  of  the  same  intensity  £nr 
any  given  peiiod^  I  found  that  by  iincreakiDg  the  nusiber  of 
thd  pairs  .Nof :  points^  a  >coniesponding  ibflotber  lof  lights  mightr'be 
accDfdkigly7»pr«dac»dcif^a^paren€fy'the!S8i3leinten8  tte 
severBirpauniaffpaintii  tbotingplaeed -within:  the'Toltaic'  cironk 
and  insulated  .upon^.^ss-roas^fiKed  in  a  piece  of  board.  €bi 
brin|B[iiiigLthe'^fiiHiit»^^idiUflii  arranged,  in  contact.  Bind  thfeto 
0sp8iating^ted[iL'piBV''a(t  the  same  instant  (iiie  apparatus  beipg 
so  oofitrnw^sr40^admttiof  this  being  done),  spans  were^^o- 
dnced:  M]io]uUiineeaBly>  at'  the  several  intemrotions.  'This 
expevimsntit  iBi>to  be  understood  was  s^gested  by  mjrfiii^ad 
Mr.  WHliams;  who  very  ingenidusly  contrived  the  necoBS^ 
insulating,  afqiacalus  alluded  to.  •  Whilst-  ife|^attng  tbb  'el- 
periment  with  M.  de  la  Rive,  it  was  propdsed  by  him  ihmt  ode 
ai  the  paisBiJof  points  should  be  placed  in- watec,  whiemfthe 
spaiky  aa  noght  have  been  expected;  was  Visrbl^inntbatl^tfid, 
aad  ttt'the  sautne  time  a  spark  wds  \dsifa(te  ait  each  of  thenotii^ 
pGUrs'  of  jpoiaits  out  of  the  water.  The  (experiment  was-v^  con- 
tinued forabont  a  quarter  of  aa  houi^,  andasdt  wasiprgdeedim^, 
a  veory  peonliBr  odour,  arising  fi:ii>»r^  the^water^  in  ^Mtich^Ae 
eleetidad  light  was  produced,  became- peKdeptible.    ^    r    ^eO 

On  reflwtingupon  this  afterwards," it  sthidk  me tiiat  sohie 
change^  mnfit-  have  tdt»L  place  betireen  the  water  and-^the 
dnoraoaLduring  the  passage  of  the  electricity.  Tojsatktfy 
mysflfiofidie.tratb  of  this,  I  prepared  a  batterv'^f  about  sio^y 
pairs  of  [four-inch  plates  bsiranged  on  WoUastoa's  princttiie ; 
to  the  jdndsof  the  two  electrodes  I  affixed  two  piecesof  Isnar- 
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poal  by  means  of  plati^um  wires  of  sufficient  length  to  allow 
t]iie>cb^rcaal  to«*bf».  conveyed  mto.  a  glASS  vessd  containki^ 
^tiU^  wat^*  >  A  glass^  tuba  ivias;.ii^i$t  filled  with  disiiiled 
yira4etand  theft  invert  fc^feb^»wMet%M:a,w^  the  otawjoal 
points,  were  to^  be  imm^^rsedv^  •Qai>  briAgihg  these  {xoints 
t^etber  under  the  water  SQv.£t8^tp  pr<»di;if>e\lhe  electrical  ligTit 
with  Ias  little  interruption  as  possiblay.  the  w^ter  underwent 
decomposition  and  the  glass  tube  was  soon  filled  with  gas. 
When  flame  was  applied  tothemduth  of  the  tube  no  explosion 
took  pliEtce  as  when  a  mixture  of  oxygen  and  hydrogen  gases 
is  obtained  by  deoompesing  water  when  the  action  is  electro- 
Isftic;  but  the  gas^lnirii^d-sileiitly  with  a  flame  similar  in 
SiAofor  to  that  by  which  the.  flame  of  carbonic  oxide  ia  dia- 
tinguiBhed.  Suspecting,  th^refore^  carbonic  oxide  to^  have 
.been  produced,.  I  passed  2 .  vohinMS  of  the  gas  obtained  as 
ttboee  into  an  eudiometer  with  1  Tolume  of  pure  oxygen ;  the 
loixture  was  made  over  mercury^  and  lime  water  was  then 
dntroduced  above  the  mercury  in  <the  eodiometea*.  No  change 
was'observed  in  the  liime<  water^  but  after  passing  an  electric 
:£|>turk  thvou^h  the-gaaes^a  giradual  eondensation  of  the  whole 
jfook  place  and  the  lime  water  i  waa  sesidered  turlbid^  carbonic 
Bcid  gas  having  evidently,  in  the  first iBl^ance^  been  Jiroduced. 
if  thk  spark  -  be  passed  before  the  lims:  wat^r  is  ^added  this 
'.^axne  lamdensation  tadces  place  as  wfaen^wepQxfdode  a  mixture 
•of  x^rbonic  oxide  and  oxygen,  and  lime,  water  b^g  "tiben  ia- 
^Uoduced  it  becomes  turbid  witk  a  gradual)  afasorptien  of  the 
ImhcAe-ot  the  gas.  A  very  iittle  readuai  gas  wias  CBometimes 
fdbfieaived;  whichdisappeared  after  the  introduction  df  'a.  crys- 
tai  af^rotd«-suiiphate  of  iron,  showing  thetnsflid^al  gas  to  have 
'beezi  oxygen  added  in  excess.  '     ,  *  -    i 

it  J  Lb'iA^cberevnarked  that  oh  passing- -lime  ^ter  to  the  gas 
JjAitainedTaaAbovedescrihedy  I  have  obsesFvedihiEit  it  is  fionqfe- 
i^ddnesi^ty  slightly  changed/  'but  this  per tainly  does  nattd' 
aoaysiiaheifilateuy  l^ would;  therefore^  appear  ihat %r  trifling 
^^xnika^hy^of-'68rbostt(^a«id)gft8  is  oceastdo^ly  fimned  aldngwith 
'^  thei  oadbonic'foxidedv:  'INtiHther  hydrogen  nor  oxyigen  jcan  be 
detected.  Thdc^ore.  should  these  gases  be  found  by  any  one 
iielsa  a^ng  witbithe  carbonic  oxide/  it  will  be  owing  to  the  ac- 
'»iiioA>  becomings  (eleolpolytic  in  conse^uettce  of*  the  spsrk  not 
<'>bienngeontiniioufftduring>theopieration^  hut  whesv  the  spsxk  is 
i  iprodiaced  the -action  is  net  electrol^e^  and-  it  is  only  then 
,  :^en!  the  oarbomc  oxide  is  formed.  *   >  > 

.  When:  water,  therefore,  is  acted  upon  as  already  described, 
carbonic  oxide  is  produced  by  carbon  combining  with  its  oxy- 
gen^ aJ^d  at  the  sa&ie^  time  a  peculiar  compound  is  formed  by 
another  portion  of  the  carbon  uniting  with  the  hydrogen  of 
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the  water^  no  hyJxq^ej^  as. has  alwady,,bfie^,:^hoW%iP^s^W© 

ob66iy^,  impart ^j  a  y^j;y  jp^^Jxwf  a#  WlWaj^Wtf  /Wi9;i5ltP)tfe« 

ifnder  t^ie  influence  of  rtt^^pa^pTy^t  Wt.tliprB?9«^^/«WMHibfe 
cafried  on. for  al)out  a  ;q^a?;te.^^  ^^  .JjojiTt  to  .4)b  satisl^^^rFf; 
durmg  which  jyterjod  t^e  sp^Lffjti^ 

be  continually  yisibji^  u^dj^rifj^^  wM^^'.-  T-b^ .watf«r,tki|i^4fl9fq 
pregnated  with  the  new,  ^g^poii^^  i^^'p^ip  b^7y,4Wjtuffe^^lwflbl 
may  be  seen  by;^^ouring^;U;^#,(a/jfe  X^m^mxpt^i^ 

tM  tube  and  holding  it  up  to  the  light.     When  kept  foF  ^omsb 
tinie  the  jwuid  loses  its  o4purpft/i^^e;i;i^,isra..pi|eoipit%t0Aof 
carbon.     This  spontaneous.fift^n^.t^i^.jjJjMce  wh^^^ 
exposed  to  the  air  or  kept  m,a,9tpp})^rj9<i{i^ial.  .  .  .  v^  f& 

1  formerly  thought  that  the  .^bs^aq^  ia  qijestiou  .WM^flfi 
compound  of  1  equivalent  o/hyiirpgipn  -|-  1  equivalent  of  car- 
bon and  proposed  calliQg  it  prQtoiydruret  or  protohydroguret 
of  carbon,  bnt  vfe  haye  nq  pi^i  of  its  being  so  constituted : 
for  although  1  equivalent  of  the  px^gen  of  the  water  evjd^Qt^ 
combines  with  1  equivalent-  of  carbon  to  foViii  1  equivalent  ot 
carbonic  oxide,  it  is  not  evidfent  that'the  7  egpival^nt  of  the 
hydrogen  of  the  water  also  combines  with  1  equivalent  of 
ca Aoif }  }^  flpay^ 4C}pi^fei^fr  rwathr^,  •  .3tf ,(05;^ttaaj^i ^qpivaldnts^tu  /I 

:'.T^[jKpb^^]|0niiQt.J^  f£  chanoibl'^ 

c<^n/G^(ji;^ij^/fiiivc^  is  a  well  kno^w^  >^^^^J^f^J 

men^ ;:  butt  J  ik&Vjei^btimet  ^iib  aqyoftewbo  is  afware^hf^fl]^^ 
abo9reHdni^r&l9d>>cil«iifei>terkeB  plac6>  dUd  thei^fore  I  i^i^niti!^^''^ 
to  Iay.the9c(b1»el»^a/lijtm8  befcnre  the  publ^^^ 
of  the  London  Electrical  Society.  '  "  ^ 

-When  the-exp^mentis  made  merely  to  obtain  the  com-' 
poj*fl4v  H^4§^^<^ Wi^r^ti W  ill.  what  fliay^aewMisid&r«&wa  ciji^^l 
c^;^(^e^\Bt^t^^^tlM?.le^v<]as^^  .Wi^dr  d»t>}il)einKfa^^  ti^ 
bet^r^x^l^^^^tysfft  or  thiw  PJ^ce^iiKinibe^j^uffifffi^*  jH  1^1^ 
me^y()];eqv^isi|§,|^  k,Qep.the  eh^ri(0al\patni8>scmt^edo#ii9£)1^ 
bui ji^iie ,w^ W  will  b(a  r^quilred  wfayeadt^^ iiiteMed i^<SsS»§t 
the,,G^;i^,9i4Q>.o^^<}e^c^  x  .  ,,       «,    yo  .-a  v\v\«>w^v>  sv\r\o  ^-^m^ 

^1  Jaay^  ^pvdqubt  thf^t  «k>nxe  intemiilig^re^liltft'l»s^^teV)|^ 
taini^^b^  ^f^ti^  ^jpcgci  oth^r  fluids  in  a,i»anpite4ris^ikrvt<^l'ltfe 
above  with  charcoal;  and  certain .oth^^ubstatuT^ini^hb^fili^ 
be  employed  to  effect  tl^^eind,  I  h^v*  m  ,Miew;  namely^  the 
formation  of  cpmpoupds  Tiy  producing  the  electric  spaxk^^ip 
wat^*  ^tid^blh^  ^flttids,  by.  causing  the  decti^ocies  of  a  ^^^^  ^^l 
to  be  amj^d'^ith  different  inaterials  of  a  certain  kind. 

Whei^s|je,%pa^,^(5P«fpqs»^d  by  passilJg.it 
coal  for  the  piupose  of  obtaining  carbonic  oxide^  I  do  not  find 
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d#i«b)^  <jttBWlt?f  wis  Jftccorthiigljr  BiiM^ilfe  oxygen  l^y/pQ^e.*^s' 
<rfiiii^»bMvpip6?,  abtfWheii  «fe jfet  df ittyined  gas  wa^  tJirQwa 
oK'WpJeee  of  Hme/  tli^ light  MMdP^^verv  little  iiiitenoir 
tblthAt  which  is  bbtadfne^HeWeti^l^r^  oxygen  ai^fe  emri 

played  for  the  sam^  piiti^ife^,  i'M'^brdbaBly  the  light  would, 
biw!!^'  been  irnptdrefl^'haci' mfe^'fe&Thtoic'  oxide  teen  passed 
tfe*ooghhna«  to  frfe^lt^ffttiii  JcHfe'fektbonic  acid  whiph  it  alw3ya\ 
c»i»t«iiis.        ''■■  ''*■*      .inj.u^.ni.-:  i  •      -^    «    ;'| 

i^Mtt'y  iiot  the*  h;^d^64(?drftttA  '^hich  is  the  subject  of*  this 
pMipeft  be  identical  with  tire  oily  tioihpound  noticed  by  Berzelius  ^ 
as  being  produced  wheii'  h^^drogen  gas  is  obtained  from  iron 
aftd' dilute  iaulphuric  acid?    (See^  JLehrbuch,  186.) 

'  ^       I  teiiiaiti.  Sir, 

Ybur*^  truly, 

WlttlAM  MAUGHAM. 

Jfibyai  Odllery  of  Practical  Sci^ficfif.y,,^^^ .,,  •  :        - 

^^delaide  Street,  West  Sj^^^^  ^..,   ^     y.'-,-\  ^ 

Note^  /At  the  o^nai-y^  tn^tii^^of'tH^^SbWaW^^^  \fl%^' 
ai)iA)9«li.0fi  i^  .preoeding  -^paper^  'weM  '^4i^h^^%li^^^!i!p^ 
th^i^9^  dejxuled,!  and  the  several resoltd  >W'ei%Jm^hly^tS&lk(3to^'  fc 
tl^^]^j^l|eni  pireseut,  beb^  perfictfyloarrtitoi^t^  t^f^'^hi^is 
8t|^(l  rejecting  the  forin^tiQn  of  eiM:l)!9)^i@;i^viidfe>aU<^Tyrdi>^^     ^ 
unnp^Jced /ii^rfrowcarJow  whei^:  water.  ^  4^9H^fA^i)fa9fdtb«'3lti)aiin^r.  * 
described.  '  ■   '  '  .  ..v  --!  li.jfd'joM  nobiioj  ■:r:«  '!.. 

L^lo  £4ma30c»imi^  V  :^''^^  o^f^  daily  pb^Mdm' vi^if^ 


t    »4  ^*.. ...         -.•*.■" 


ture  of  the  atmosphere,  during  a  part  of  the  ldsti)mife^\ 
x^(fti^n^vmn^dtf»rBniougly  t6  the  ^t^rp'  iebere  ff^fipj^t^ 


fof  upwards  of  two  years  past  I  h^ye  fc^uim  jft^fgiBiftpi^few 
in'th^'forniation  of  crystaJliue  and  o):h%nj^jij^(^fiT^^ 

*i^em  th*  Trtosaotioiw  -of  the-  Landbti^Wt^c^MWS^f.^'t.  '7 

baft..'.-  >-i.-  ^^^^■-■'-' ::..-:.■  ::\^:t.^qii;qoii^^  ^>^C3 
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tvie  agency,  to- make  use  of  porous  earthen  potsy  of  theisame 
nature  as  garden  pots^;  but  without  an  aperttire  in  the^tldtn. 
One  of  these  being  filled  with  a  compound'' fluids  AandB, 
and  being  plunged*  in  a  balsin  filled  with  another  ce^pound 
fluid,  C  and  D ;  A  of  (the  one  fluid  having  a  greater  ch^mid&l 
afl&nity,  (as  it  is  oallid)  to  C'oCtbeother  fluid;  that^  it  ha9  to 
B,  with  which  it  is  umited,  and  also  B*  to  D,  so  that  by;  the 
admixture  of  the  twd  fluids,  double  deeomposition  would  tarke 
place;  an  electric  currenti^eing'passdd'by  means  of  priito&ry 
eonductol'S  proceeding  (torn  the  poles  >, of  •«  vol^e  batter^ Jin 
constant  action,  from  one' fluid  to  the  ot^et,  through  the  p^Pes 
of  the  pot  employed,  a  slow  vniotKoC  A  ^ttoA  €,  or  B  ami  D, 
or  both,  takes  place,  either  at  tliepositifve  <xt  negative  potei^or 
oti  the  inside  or  outside,  or  mtfiin  th^ \»tAstance  of  thc^pot 
itself;  or  in  more  than  one^  or  in  ail  of  these,  according^to 
the  nature  and  temperatiere  ^  the  ftuids  Employed,  the -(n- 
tensity  or  quantity  of  the  eleetiic  cmvretft,  die  thidknesis  of 
the  pots,  and  the  presence  or  absence  of  li^ht,  which  htdt  is 
in  most  cases  of  greater  or  less  imp>o^tance,  atid  in 'some 
ab(»<^ulely  essenti^.  '  The  "result  of '  this  union  is  comin^MS  to 
the  prddoctton  bf  re^ktdy  or  irri^larijir  formed  ^stalKne 
ma;tt^s  moM  or  less  firmly  adhering;  to  the  Snbsta^^  Oj^on 
which!  or  withm  whi^h  they  are  formed.-  '  I  havetes^  tl&se 
pots' iia  faundteds  bf  eicperiments,  in  an  infinite  v^riet^  of 
applioation^^  msd^tfa-coiisider^Me  mtt^m,    I  hate  lik^titise 
lis^  tbaamxsre  ocUetes  extensively  in  the  Jjlace  of  Uiidder  in 
gust»ifting  •vcJteib  '  tatteries^    for  '  yMiSk  'jurptee  they  ^J^ire 
admirably  suited.    'They  have,  however,  one  defeeti    » If, 
while  sulphate  of  copper  is  used  for  the  negative  ceUa,- a- neutral 
salt  be  eliiployed  for  the  positive^  in*  the  course  of  time  ^^al- 
lizations  are -formed  iitrithin  the  substances  of -the  ettrtl^tiware 
which  Separates ihe  two  fluids,  and  the  pots-ar^crack^  in 
all   sorts '  of  ^fohns-i*H8ometimes    longitudinally ^t^g^ji^titnes 
'  laterally; -sometimes  in  concentric  layeisi  thef'ou^jeyw  liner 
pforAon&SCEaling  cirfl'like  the  bai^  of  a  tr6i^;)iMgLd'i90ini^liiidb  in 
smaB  angular  or  circular  fragments  'Wbioh  s(iirt'<idrwfeh  a 
slight  e^plo^ion,  so  that  after  seine  >motM]^'ia)^nfti«^@^hen 
vessel  is  spotted  over  with  deep  ixid^nticttis  eitSier  'ext^nM  or 
inteilnal,  or  botii.    .  It  is  theirefore '  iatfef  lAid  belti^ri'tM  all 
^ccbtmts  to  avoid  the  use  of  ne»tra]  <salb4tr  the  posftrw  §ells, 
which  I  commonly  fill  with  simple  water,  when  I  wibh  tb^keep 
up  aiinifi»tn  action  for  a  considerable  time,  and  when  1  ^em- 
ploy these  pots  merely  in  the  place  of  bladder.  <  a 

The  following  observations  were  made  in  a  room  e£i)|bsed 
to  the  light,  with  a  southern  aspect,  and  situated  about  800 
•f'^et  abovd  tiie  level  of  the  sea.^ —  '       .  '       .  • 


ui[iM^i2iyl9Wi  ,  10  P>M.  Isetm«ot»m.a<am9ll8ii8tfti»ing 
fbatteiiyi  qomposred  ^of  tw^lvi^  liwo^noh  ;9qia«jrer  awes  of ,  zinc  and 
.^^(tt^pi^ry  (theizbio^ap^  amf^lgamated)^  iti;  sgaall  poroas  pots  and 
bglfl^  Wm»£ »aiidi }2.ipe  p&ta rQ»tiiig<o»i ei .spxaiUpiece  e( zinc, 
ii^ii^Qd  ift>ikiglf^s«  bas«».filkidmth  ;a$)ito<m  v^tev ;  and'  each 
c>icop$eit plate  resting 4(i»b(a  larger' ^ieee  i^fi^per  fdaced  wsilhia 
)(|^IKtf  wiiich^stood  inithe^^iid^  M^1ikmme^  .^assbasin^  atid 
' ,  >1^i&h  >  conitaiii^,  ibsee .  ouad«»)i)f .  itdptoto/of  <$bipper  and^  valuer. 
7  ]^/ j£)  ;a  i»im|^  aad^cioiiqiaic^ifiB^  the  surface 

,'ifif  tbe  metote^i9p)Q^y«^>40)iCauaevtteip^Ffi<if  pla4es  to  rest 

^  fi^pQativ;4y  '^^  It^^^  ^aaseiofi the  same  metols^  by  w^ch 
^C|i](^nsi&mml  fil^m  Tt^^fAx9ota9/de^iX>  act  in  some  d^;r6e.with 

[( ,t]y^  pow^r  of  laiige^'QaftS^MaQdi  which  partially  saves  thee^Sipense 
t.^nd' trouble  of  casting.  \A,  Karaday's  yoltameter  being  filled 
(..w,iib  commcm  pt^nd)  i&i  nFor.  wader,  was  connected  with  the 

,  pol^s  of  the.bat$eir$[i.a(nd>e!ia^ied  of  its  gas  each  night  at(ten 
i  ,  a'(glook>  And  ireplfw^ in. list fetmer situation.  A  dsiermooi^ter 
p:  jm  likewise*  au^peiE^edahdve  the  battery^  so  that  its  bulb  was 

... immersed  in,  on&^PiitJi^r^asI  hasiosof  waiter.    Thift^thermo- 

.  j  iii^ej?rwas  e]{amin@dlattdilfeff»t^«lltervala  duciog  the  day  and 
'.allight^>9^d  the  degrfi0^<;^ftenq>e3tatlurQ'mn9fi^^  .It  is 

no(9b\4onfiiihat  by./Uiis^^jiiimN^geme^^^  ,Ae»«]iec-r 

^,pj^ic|&ujde3^ted  conldvfilosisibly^ljassithtimi^th^  Tollianieler, 
fo  a^i9iQr^lcid  was  added  ito^ the. watfrwhhi^i^  ira» filled. 
oslF^ithis  I  had  it^»»Qm  whkh  I  jhaUibofr  bene  dweUtA^itm^ 
iii  lolThls  observations  were.coiiti2iued.)f<»  dkfaeiiapftm  m  one 
oT^mc^tb  oir  tis^enty-eight  daQrs>  di»ring  which; Inboo^  ^iiJMm-wi'ter 
;rl  norr^idiatevOi  eo]^r wa^addedtoithe  beUsrdofvtherbattery, 
iftaPn&i.e)|U«g]ice  Gfiwhichagood  deal  of  |khe)ftud;hiid>6<K9{>ofated 

(nft^-tibfim^n^'sre^r  :  When'  &ef{vo]itemBter/wb]pr^st^appUed» 
MTr>WiT^y^«^8diist>ieftmiofrthB  com>^^  gasea/wiiiseastEiciatti^d^  hut 
ni  &n>^mi:<mpse'o£  aomeboiirsit  inGzeBsed^andiJ(|.ihe')mid  of 
fe{orjrtiy«s^fQi3|flihoilrs  .^20t^^  dejB^e^  o£;|galsi)wate.  evolved. 
i9nlt  irifl^eo  sj^4ti  \^'  inspecting  >  the  jouraaL  i  afeAach^4> « jibfti :  the 
ai  ^9Atf^^ii^^t[9ftfiy9i  aiits  maximum  of)  p^eTi^ill  (th«it|xird 
Si  d'iwy'icpnKibfi  dotehnenn^QQieia^t  of  its  actioou  <tThjbi*wi«ifOCca- 
ndx{9mQd{b9(ih<9<r^aistan0Bsofrthe  earthem  pot  (totheeleetfrlQ  cur- 
io tejRytothid(;^^^>ajithi^  affoi^n^  a  greater  K^^a- less 
Ug  ff^^t»w^.  ;;(lt  wiiliJilseiBisebe  seen^thatia  general  there,  was 
^^[[^  ]»^toe^^f leifii  negsila3^«»0€ase  of  powei^,  whioh  seiemed  to  be  at 

qfioilhftJrt^  3^  W^  aSfOnei«,ay4**^y'<>£fr9to  one.tOjtJ^O  d^ees 
-m^of  g^ /iujitWQnty'-fQUr  ,hom?«y  siq>posing^ftheftonperature  to 

remain  the  same ;  bnt  'tha;l>ia  gcuoieral  ithe  :fiower4QiQrea.tod  or 
(>>. diminished  with  the  increase  or  diminutioia  of  temperature. 
{ \'  >^  Thus  in  the,  first  week,  a&long  as  the  thQrmon]^er  stood  at 

about  50^  the  diminution  of  gas.  was  firom  oii)9  to  vtwx)  degrees 


'^:i 
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in  each  day  :  but  on  the  last  day  of  the  year  when  the  ther- 
mometer had  sunk  irom  50.5  to  47^  the  quantity  of  gas  obtained 
was  lessened  from  61  to  57.5  degrees :  also  between  the  6th 
and  7th  of  January,  with  a  diminution  of  temperature  of  from 
42.5  of  the  thermometer  to  39,  there  was  a  diminution  of  gas 
of  from  51  to  45  degrees.  This  is  what  one  might  more  cnr 
less  have  expected ;  but  I  know  not  how  an  increase,  and  a 
somewhat  considerable  one,  of  the  power  of  the  battery  could 
take  place  under  a  diminution  of  temperature.  Thus,  on 
January  13th,  with  the  thermometer  at  32,  forty-five  degrees 
of  gas  were  produced ;  when  on  the  preceding  day,  with  the 
thermometer  at  36,  only  42  degrees  of  gas  were  liberated. 
Again,  oh  the  17th  of  January  47  degrees  of  gas  were  oto- 
duced,  with  the  thermometer  at  34,  when  on  the  preceding 
day  there  were  only  41  degrees  of  gas  with  the  thermometer 
at  33.  The  one  degree's  increase  of  heat  bears  no  proportion 
to  the  six  degrees'  increase  of  gas.  Again,  on  the  last  day  of 
the  journal,  with  the  thermometer  at  32,  there  were  4  degrees 
of  gas  less  than  the  preceding  day  with  the  thermometer  at 
31.  This  requires  sifting  and  close  examination.  It  may  be 
observed  that  the  degrees  of  gas  produced  on  the  last  day, 
with  the  the  thermometer  at  32,  and  with  ice  in  all  the  cells, 
were  exactly  the  same  as  on  the  first  day  with  the  thermometer 
at  50.  It  may  also  be  noted  that  the  total  quantity  of  gas 
obtained  in  the  fourth  week  was  only  4.5  degrees  less  than 
that  which  was  obtained  in  the  third  week,  notwithstanding 
the  natural  diminution  of  power  in  the  battery,  the  increased 
loss  by  evaporation  of  fluids,  and  the  five  degrees'  diminution 
of  temperatures.  I  was  prevented  from  prolonging  these  ob- 
servations by  the  freezing  of  the  water  in  all  the  cells.  I  may 
here  observe  that  I  had,  previously  to  these  experiments,  as  1 
have  since  tried  the  effects  of  heat  in  combination  with  voltaic 
electricity  in  the  formation  of  crystals,  that  I  have  exposed 
various  solutions  under  different  conditions  to  the  electric 
action^  such  solutions  having  been  kept  as  nearly  as  possible 
at  the  boiling  point,  from  one  to  six  weeks,  the  apparatus  being 
plunged  in  sand  baths,  with  fires  kept  up  day  and  night  without 
a  moment's  intermission,  and  the  solutions  being  constantly 
replaced  as  they  evaporated.  In  sixteen  of  these  experiments 
which  were  carried  on  at  the- same  time,  the  evaporation  was 
so  great  that  it  exceeded  seven  gallons  in  every  twenty-four 
hours.  I  am  not  prepared  at  present  to  give  a  succinct  account 
of  the  different  results  of  these  operations,  but  shall  state 
generally  the  following  conclusions. 

1.     A  piece  of  yellow  sulphuret  of  copper  was  exposed  to 
the  electric  action,  in  sulphate  of  copper  at  the  negative  pole, 
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Qtiery,  Majr  it  not  be  possible  to  apply  the  combined 
action  of  a  boiling  heat  and  continued  electricity^  to  the  ex- 
traction of  metals  from  their  ores  in  a  pure  state,  and  with  less 
trouble  and  expense  than  the  plans  now  adopted  ? 

ANDREW  CROSSE. 
London, 
June  18M,  1838. 

Extractfrom  the  Journal  referred  to  in  the  preceding  paper. 


Day  of  the  week. 

Date. 

Ofgai 
Oei^ees. 

Tberai. 

Day  of  the  week 

Date. 

Of  gae. 
Degrees. 

Therm. 

1837. 

1838. 

Saturday 

Dec.33 

43 

60 

Friday 

Jan.   5 

53 

44 

Saoday 

34 

64 

50 

Saturday 

6 

51 

*^ 

Monday 

25 

69 

50 

Sunday 

7 

45 

39 

Tuesday 

71^ 

67J 

50 

Monday 

8 

43 

37 

Wednesday 

37 

6&4 

50 

Tuesday 

9 

41 

34 

Thursday 

38 

64 

50 

Wednesday 

10 

44} 

35 

Friday 
Saturday 

39 

63 

51 

Thursday 

U 

44 

34 

30 

61 

501 

Friday 
Saturday 

13 

43 

36 

Sunday 

31 

67i 

47 

13 

45 

33 

Sunday 

14 

43 

30| 

1838. 

Monday 

15 

43 

S3 

Monday 

Jan.    1 

56 

47J 

Tuesday 

16 

41 

33 

Tuesday 

3 

55| 

46 

Wednesday 

17 

47 

34 

Wednesday 

3 

54 

44 

Thursday 

18 

46 

31 

Thursday 

4 

53 

43 

Friday 

19 

43 

33 

Oas  obtained. 

1st  week  ....  434*" 

2d    do.    ...     .  388^ 

3d    do.    ...     .  310i^ 

4th  do 306^ 


Average  temperature, 

1st  week  a  little  above  50 

2d    do.  not  quite      46 

3d    do.  not  quite      37 

4th  do.  a  little  above  32 


LXII.  Researches  in  Magnetic  Electricity  and  new 
Magnetic  Electrical  Instruments.  Bij  Charles  G,  Page, 
M.I).» 

1 .  Compound  Electro^  Magnets  for  the  magnetic  electri- 
cal sparky  shock  and  decomposition.  In  the  last  number  of 
this  Journal,  I  announced  this  new  form  of  magnet,  as  de- 
cidedly superior  to  the  common  solid  electro-magnet,  for  ex- 
hibiting magnetic  electrical  phenomena.  I  have  since  pr- 
formed  a  variety  of  experiments,  with  reference  to  the  best 
mode  of  constructing  these  magnets,  and  arrived  at  some 
beautiful  results  and  important  conclusions.     I  find  that  the 


*  From  Silliman's  American  Journal. 
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magnet  made,  of  flat  plates  of  thin  hoop  iron,  answers  best 
for  lifting  power  and  sparks;  but  those  made  of  fine  annealed 
iron  wire,  answer  nearly  as  well,  and,  (for  reasons,  by  and 
by  to  be  mentioned)  will  in  some  cases  be  found  preferable  to 
the  flat  bars.  Sixteen  magnets  were  made  of  sofi;  iron  wire, 
in  bundles  of  various  lengths  and  diameters.  Thirteen  were 
made  of  No.  26  wire,  two  of  No,  16,  and  one  of  No.  8.  For 
lengths  within  ten  inches  and  diameters  within  one  inch,  the 
very  fine  wires  answer  best.  But  for  longer  and  larger  mag- 
nets than  these,  the  larger  iron  wires  answer  equally  well. 
Each  of  these  magnets  were  tried  with  one,  two,  and  three 
coils  of  No.  16,  copper  wire  (wound  each  the  whole  length  of 
the  bars  and  superposed  by  a  single  pair  of  lead*  and  zinc 
plates,  eight  inches  sinsle  surface  of  zinc),  kept  constantly 
in  good  action  by  the  smphate  of  copper.  One  of  these  m^- 
nets  weighing  two  ounces,  with  four  coils  of  fine  wire  exterior 
to  three  of  large,  gave  a  shock  which  could  not  be  endured. 
The  two  best  magnets  of  the  sixteen,  were,  one  made  of  one 
hundred  fine  wires  six  inches  long,  and  one  of  five  hundred 
wires,  ten  inches  long.  This  last  furnished  the  most  splendid 
deflagrations,  and  by  far  the  strongest  shocks.  Its  decom- 
posing power  was  very  great,  for  the  means  used.  One  was 
prepared  of  one  thousand  wires,  and  a  foot  long,  but  its  power 
was  inferior  to  that  of  five  hundred  wires.  This  large  com- 
pound bar  was  ultimately  sawed  in  halves,  and  each  half  in- 
dicated as  much  power  as  the  whole.  This  fact  9eems  to  prove 
that  the  length  of  the  coils  of  copper  wire  was  too  great  for 
the  size.  I  apprehend  that  a  copper  wire  of  a  larger  sizef 
would  have  made  it  superior  to  the  other  magnets.  The  ad- 
vantage before  alluded  to,  possessed  by  the  magnets  prepared 
from  bundles  of  fiine  wire,  is,  the  facility  of  making  a  curved 
or  U  magnet  j:  wound  accurately  throughout  its  length.  There 
is  little  or  no  advantage  in  winding  common  magnets  on  the 

*  If  properly  prepared,  lead  for  the  negative  plate,  is  much 
superior  to  copper,  where  the  sulphate  of  copper  is  used. 

+  I  have  universally  found  that  large  wire  answers  best  for  large 
magnets,  and  small  wire  for  small  magnets.  The  larger  the  wire, 
the  more  freely  it  conducts,  but  large  wire  cannot  be  used  with 
advantage  on  small  magnets,  as  the  coils  or  turns  will  not  be  suffi-' 
cient  in  number,  and  the  axis  of  the  wire  will  lie  more  oblique  to 
the  axis  of  the  magnet,  than  that  of  a  smaller  wire,  or  than  upon 
a  larger  magnet. 

J  The  term,  horse  shoe,  applied  to  magnets  is  inappropriate, 
has  led  many  into  the  error  of  constructing  magnets  of  this 
awkward  and  disadvantageous  form.  The  letter  U  would  briefly 
designate  this  species  of  magnet 
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curved  portion,  owing  to  the  difficulty  of  laying  the  wire  on 
that  part,  at  right  angles  to  the  axis  of  the  bar.  A  very  perfect 
U  magnet  covered  accurately  throughout  its  length,  is  readily 
made,  by  winding  a  straight  bundle  of  fine  iron  wire,  with  as 
many  coils  of  copper  wire  as  desired,  and  bending  them  after- 
ward. They  are  bent  with  ease,  and  the  wire  disposes  itself  on 
the  bent  portion  in  a  beautiful  and  regular  manner.  All  the 
magnets  that  were  made  of  this  description,  were  tried  before 
and  after  they  were  bent,  and  no  change  in  their  properties 
could  be  observed.  The  best  of  the  magnets,  above  alluded 
to,  was  covered  with  two  hundred  feet  of  fine  wire,  exterior 
to  four  coils  of  large  wire.  Combining  the  secondary  currents 
of  the  large  and  small  wire,  the  shock  was  so  great  as  to 
render  it  difficult  to  keep  even  the  tips  of  th^  fingers  upon  the 
wires.  A  single  thermo-electric  pair,  heated  and  cooled, 
connected  with  the  large  wire,  gave  a  bright  spark  and  a 
shock,  which  could  be  felt  as  far  as  the  wrist.  The  use  of 
three  pairs  in  sequence,  enhanced  the  results.  It  must  here 
be  observed,  that  the  shocks  and  sparks  are  not  thermo-elec- 
tric, but  magneto-electric.  The  pure  thermo-electric  spark, 
I  apprehend,  has  never  yet  been  seen.  I  obtained,  a  long 
time  since,  sparks  and  shocks  from  a  thermo-electric  pair,  in 
connexion  with  Henry's  flat  spiral.  But  in  that  case  also, 
the  results  were  purely  secondary,  or  magneto- electric,  the 
copper  spiral  while  transmitting  a  current,  in  fact,  represent- 
ing a  magnet  with  axial  poles.  I  have  always  maintained  the 
position,  that  a  shock  direct  cannot  be  obtained  from  a  single 
pair  of  plates,  or  any  elementary  current,  under  any  arrange- 
ment whatever.  Although  recently,  we  have  the  high  author- 
ity of  Faraday,  that  iodide  of  potassium,  and  some  other 
compounds  may  be  decomposed,  by  a  single  galvanic  pair, 
yet  even  admitting  this  to  be  fully  established,  I  see  no  reason 
for  retracting,  and  may  continue  safely  to  assert,  that  an  ele- 
mentary battery  however  large,  cannot  afford  a  direct  appre- 
ciable shock.  In  Faraday's  experiment,  the  decomposition 
was  the  result  of  uninterrupted  action,  but  in  all  experiments 
hitherto,  where  shocks  have  been  obtained  by  the  aid  of  a 
single  pair,  they  have  been  obtained  as  single  impulses,  im- 
mediately consequent  to  the  completion  of  the  circuit,  as  with 
the  large  magnet  of  Prof.  Callan,  or  as  in  all  other  cases,  to 
the  interruption  of  the  circuit.  In  a  new  instrument,  shortly 
to  be  described,  I  have  a  singular  instance  of  an  electro-mag- 
net, affording  shocks,  not  only  on  the  completion  and  break- 
ing of  the  circuit,  but  even  while  the  battery  current  is  passing 
without  interyiption.  It  appears  irrational  to  suppose  for  a 
moment,  that  the  shock  obtained  by  breaking  the  circuit  with 
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coiled  condactors,  can  receive  any  augmentation  from  the 
conjunction  of  the  primitive  and  secondary  currents,  for  the 
presumption  is,  and  the  fact  itself  seems  sufficiently  obvious, 
that  the  sparks  and  shocks  indicating  a  new  and  secondary 
current  are  directly  consequences  of  the  dissolution  of  the 
primitive  current.  In  other  words,  the  effects  produced  by 
the  breaking  of  a  primitive  elementary  current,  are  due  solely 
to  magnetic  excitation,  and  have  no  connexion  with  that  pri- 
mitive, except  that  of  cause  and  effect.  In  fact,  strictly 
speaking,  the  results  thus  observed  are  not  secondary,  but 
tertiary  phenomena;  the  secondary  production  being  the  de- 
velopnaent  or  neutralization  of  magnetic  forces.  And,  as 
Mr.  Sturgeon  has  very  ably  set  forth  in  his  beautifiil  theory 
of  electro-magnetic  lines,  in  the  present  state  of  our  know- 
ledge, it  is  indispensable  to  the  explication  of  the  reciprocal 
action  of  magnetism  and  electricity,  to  suppose  the  existence 
of  a  secondary  intervening  medium,  whether  the  coiled  coti- 
ductors  act  with  or  without  the  co-operation  of  ferruginous 
bodies.  One  singular  fact  which  I  noticed,  nearly  two  years 
since,  remains  to  be  reconciled  with  the  postulates,  that  a 
direct  shock  cannot  be  appreciated  from  an  elementary  cur- 
rent, and  that  secondaries  are  strictly  consequences  remote 
from  primitives.  When  two,  three,  or  four  pairs  of  plates, 
or  any  number  below  twelve,  arranged  as  a  compound  series, 
are  connected  with  coiled  conductors,  with  or  without  soft 
iron  enclosed,  the  sparks  and  deflagrations,  are  far  more 
brilliant  on  breaking  the  circuit,  than  with  the  same  plates 
used  as  a  simple  or  elementary  battery.  This  fact  is  readily 
accounted  for.  The  battery  current  itself  is  capable  of  pass- 
ing through  perceptible  space,  with  appreciable  duration,  and 
as  the  secondary  current  (which  is  the  natural  electricity  of 
the  wire,  set  in  motion  by  magnetic  forces),  returns  to  its 
equilibrium  through  the  medium  of  the  battery  plates  and  its 
liquid,  the  two  currents  must  here  move  in  conjunction,  and 
enhance  the  combustion  of  the  metals  used.  1  have  strictly 
examined  the  power  of  the  pure  secondary  developed  in  this 
way,  and  find  it  never  to  exceed  the  secondary  from  the  sam6 
pairs  arranged  as  an  elementary  series.  In  fact,  the  secondary 
begins  to  diminish,  just  when  the  magnetizing  power  of  the 
compound  battery  begins  to  diminish,  which  is  well  known  to 
occur,  as  the  series  extends.  The  properties  of  small  and 
large  compound  batteries,  have  moreover  been  examined 
while  the  currents  have  been  passing  through  circuits  from 
twenty  feet  to  half  a  mile,  without  any  observable  charac- 
teristic changes.  But  to  return  to  the  action  of  the  compound 
electro-magnet.        The  superior  value   of   these  magnets^ 
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whether  made  of  flat  plates  or  fine  wire,  may  be  traced  to 
several  causes.  First,  the  homogeneous  texture  of  the  iron 
from  which  wires  or  flat  plates  are  made,  is  favourable  to  the 
extensive  development  of  .magnetism.  Secondly,  the  same 
quality  favours  its  neutralization,  when  the  exciting  cause  is 
withdrawn.  Thirdly,  the  sum  of  the  actions  of  so  many 
highly  charged  magnets,  and  lastly,  the  mutual  neutralizing 
influence  of  the  individual  magnets  of  a  similar  polar  arrange- 
menL  This  last  is  by  far  the  most  important  consideration. 
The  following  experiments,  throwing  light  on  this  point,  will 
be  regarded  as  novel,  and  have  an  important  bearing  on  the 
subject  of  magnetism  itself. 

Take  a  piece  of  fine  iron  wire,  carefully  annealed,  three  or 
four  inches  in  length,  and  touch  it  once  with  a  common  steel 
magnet.  Being  very  soft,  it  yields  readily  to  the  inductive 
influence,  and  as  its  length  is  very  great,  compared  with  its 
breadth,  if  carefully  handled,  it  will  be  found  to  retain  suffi- 
cient power  to  hold  more  than  its  own  weight.  Hold  it  now 
by  one  end  and  snap  the  other  with  thumb  and  finger,  and  its 
magnetism  will  be  instantly  lost.  The  same  quality  of  the 
iron  which  favoured  the  extensive  development  of  magnetism, 
favoured  also  its  neutralization  on  the  disturbance  of  molecur- 
lar  forces.  The  transition  here  was  so  sudden  and  decided, 
that  I  was  led  to  try  the  influence  of  a  magnet  thus  operated 
upon,  in  developing  electricity.  A  long  piece  of  iron  wire, 
retaining  con,siaerable  magnetic  power,  was  suspended  so  as 
to  vibrate  freely  in  a  spiral  of  copper  wire.  A  sm^rt  rs^  upon 
the  suspended  iron  wire,  determined  a  strong  galvanic  current 
through  the  copper  spiral,  as  indicated  by  the  galvanometer. 
The  result,  though  readily  anticipated,  was  nevertheless  very 
striking.  Again,  take  a  number  of  pieces  of  fine  iron  wire, 
and  magnetize  them  separately,  so  that  each  by  itself  will 
hold  its  own  weight :  combine  them  now  in  a  bundle,  and  in- 
stead of  the  aggregate  lifting  power  of  the  elements,  you 
scarcely  realize  the  power  of  one  of  those  elements,  owing  to 
the  neutralizing  influence  of  the  similar  poles.  It  is  the  co- 
operating, neutralizing  effort  of  similar  poles,  that  chiefly 
determines  the  superior  value  of  the  compound  electro-mag- 
net for  magnetic  electrical  experiments.  The  fact  that  very 
fine  steel  wires  answer  almost  as  well  for  these  magnets  as 
wires  of  soft  iron,  strongly  corroborates  this  last  position. 
For  the  knowledge  of  this  curious  fact  I  am  indebted  to  Mr. 
Daniel  Davies,  philosophical  instrument  maker,  of  Boston. 
A  bundle  of  fine  steel  wires' when  wound,  give  a  bright  spark 
dnd  strong  shock,  whereas^he  same  amount  of  steel  in  a 
solid  bar,  produces  a  haxdly 'perceptible  augmentation. 
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2.     ^ew  McLgneiic  Electrical  Machine y   or  Magneto* 
Electric  Mtdtiplier,  convertible  into  an  Electro-Magnetic 
Engine,    In  order  Uiat  this  machine  may  be  readily  com- 
prehended, it  will  be  necessary  to  make  a  few  brief  prelimi- 
nary observations,  and  to  advert  to  the  discoveries  which  led 
to  its  invention.     When  a  piece  of  soft  iron  enclosed  in  a 
helix  of  wire^  is  rendered  a  magnet,  by  the  approach  of  a 
magnetized  bar,  a  current  of  electricity  flows  through  the 
helix  (during  the  development  of  magnetism)  in  a  direction 
contrary  to  that  of  a  galvanic  current^  which  would  render 
the  piece  of  soft  iron  a  magnet  of  the  same  character.  With^ 
draw  the  inducing  magnet,  and  during  its  withdrawal^  or  the 
neutralizing  process  in  the  piece  of  soft  iron,  the  direction  of 
the  electric  current  in  the  helix  will  be  the  same  as  that  of  a 
galvanic  current  which  would  render  the  soft  iron  a  magnet 
of  similar  polar  arrangement.     Similar  momentary  currents 
are  excited  when  the  exciting  cause  is  a  galvanic  current. 
Completing  the  galvanic  circuit  with  the  helix,  determines  a 
current  flowing  against  the  battery  current.     Breaking  the 
circuit,  determines  a  current  flowing  in  the  same  direction 
with  the  battery  current,  which  produces  the  bright  spark. 
Any  disturbance  of  magnetic  forces  is  accompanied  with  a 
disturbance  of  electric  equilibrium.     It  is  well  known,  that 
an  electro-magnet  possessing  an  immense  lifting  power  when 
its  poles  are  joined  by  an  armature,  exerts  a  comparatively 
feeble  action  at  a  distance.    The  reason  is  this ;  the  two  mag- 
netic forces  or  poles  are  tending  constantly  to  neutralize  or 
disguise  each  other,  the  softness  of  the  iron  favours  this  mu- 
tual action,  and  the  whole  amount  of  magnetism  developed 
cannot  be  perceived,  until  the  magnetic  forces  M*e  insulated  or 
determinea  towards  the>  poles  by  the  application  of  an  arma- 
ture.   The  application  then  of  the  armature  must  occasion  a 
considerable  disturbance  or  movement  of  magnetic  forces,  and 
give  rise  to  an  electrical  current  in  the  wires.     The  direction 
of  this  current  can  easily  be  predicted,  from  what  has  been 
before  said.     The  application  of  the  armature  is  equivalent 
to  the  further  development  or  separation  of  magnetic  forces : 
hence  the  new  current  will  flow  against  the  battery  current. 
When  the  armature  is  pulled  off,  the  new  current  is  in  the 
same  direction  as  that  of  the  battery.     And  if  the  magnet 
wires  be  so  arranged  that  the  galvanic  circuit  may  be  broken 
at  the  instant  of  pulling  off  the  armature,  it  will  be  found 
that  the  magneto-electric  spark  and  shock  will  be  far  greater, 
than  can  be  obtained  by  simply  breaking  the  circuit,  without 
the  aid  of  this  operation,     llius  we  have  a  new  method  of 
augmenting  to  a  great  degree  the  magneto-electric  currents 


484        Dr.  Page,  on  magnetic  electricity  and  new 

from  an  electro-magnet.  The  application  of  the  armature 
contributes  to  the  development  of  magnetism,  and  on  the 
simultaneous  withdrawal  of  the  armature,  and  the  galvanic 
current,  the  whole  amount  is  suddenly  neutralized.*  The 
current  developed  by  the  application  of  the  armature,  I  have 
appreciated  by  the  following  experiments,  and  I  find  its  con- 
sideration to  be  of  very  great  importance  in  the  application  of 
electro-magnetism  as  a  moving  power.  This  subject  will  be 
considered  at  some  future  time,  and  at  present  I  shall  be  con- 
tent with  giving  briefly  the  reasons  why  we  cannot  increase 
the  power  with  economy,  where  a  great  number  of  magnets 
are  charged  by  the  same  battery.  1.  The  motion  of  attract- 
ing poles  towards  each  other,  actually  diminishes  the  power 
of  each  magnet,  by  determining  a  current  against  the  current 
of  the  battery.  2.  The  succession  of  similar  or  repelling 
poles,  determines  a  current  also  against  that  of  the  battery. 
3.  The  withdrawal  of  attracting  poles  (which  must  be  effected 
by  mechanical  power,  and  is  of  course  directly  against  an 
independent  movement)  maintains  the  power  of  the 'magnets, 
as  the  new  current  is  then  in  favour  of  the  battery  current. 

Exp. — To  test  the  value  of  these  secondary  currents,  I 
included  a  galvanoscope  in  the  circuit  with  an  electro-magnet, 
and  placed  the  needle  beyond  the  direct  influence  of  the  mag- 
net. On  bringing  up  the  armature,  the  needle  returned  four 
degrees,  and  on  suddenly  applying  it,  the  needle  swung  nearly 
back,  but  immediately  returned  to  nearly  its  original  deflec- 
tion of  40*.  Suddenly  pulling  off  the  armature,  the  needle 
swung  over  90*.  The  following  experiment  is  still  more 
striking.  Connect  two  electro-magnets,  so  that  they  shall 
be  charged  in  sequence,  but  at  the  same  time,  and  with  the 
same  battery.  Load  one  of  them  with  about  as  much  as  it 
will  hold.  Apply  the  armature  to  the  other  magnet,  and  the 
weight  of  the  first  magnet  will  immediately  drop.  The  same 
may  be  repeated  with  either  magnet.  The  power  of  this  re- 
acting current,  as  it  may  be  called,  is  in  proportion  to  the 
number  of  magnets  in  use,  charged  by  the  same  battery>  the 
number  of  coils  of  wire  covering  the  magnets,  and  lasUy  in 
proportion  to  the  rapidity  of  motion. 

The  operation  of  the  magneto-electric  multiplier  will  now 
be  understood  at  a  glance.     It  is  simply  an  electro-magnet, 

*  A  steel  magnet  gains  power  slowly  when  its  poles  are  armed 
and  loaded  simply  by  determination,  pr  insulation  of  its  poles. 
Pulling  off  the  armature  again  weakens  its  power.  Jerking  it  sud- 
denly off,'  weakens  it  still  further.  In  this  case  the  magnetic  forces 
seem  to  acquire  momentum,  and  go  beyond  their  original  statical 
deyelopmeut. 
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with  a  revolving  armature  and  break -piiece.  The  revolution  of 
the  armature  is  of  course  equivalent  in  its  effect,  or  nearly  so,  to 
its  rectilinear  approach  and  abduction,    a  fig.  2,  plate  XIII.  is 
a  small  compound  electro-magnet,  12  inches  in  length  before 
bent,  composed  of  500  fine  iron  wires, covered  with  5  superposed 
coils  of  large  copper  wire.  No.    16,  and  7    layers  of  fine 
copper  wire^  No.  26.      b,  c,   are  the  terminations  of  the 
small  wire,  d,  I,  the  terminations  of  the  large  wires.    1^  is 
a  wooden  strap,   which,  with  a  binding  screw,  secures  the 
magnet  to  the  wooden  block  k,     «  is  a  brass  strap,  to  hold 
firmly  the  poles  of  the  magnet,     e  is  the  armature  of  soft  iron, 
which,  with  the  small  brass  pulley,  is  fitted  firmly  to  the 
shaft,      o,    the  multiplying  wheel,     n,  is  the  break-piece, 
which  is  merely  a  copper  ferule  dissected,  and  filled  up  with 
wood  or  ivory,  as  represented  by  the  shaded  spaces.     /,  one 
of  the  magnet  wires  bent  up,  plays  upon  the  whole  portion  of 
the  ferule:  and  m,  one  of  the  battery  wires^  plays  upon  the 
break-piece.     The  other  battery  wire  is  to  be  connected  with 
the  mercury  cup  d.     Adjust  now  the  break-piece^  n,  or  the 
copper  wire,  m,  so  that  the  circuit  shall  be  broken  at  the  time 
or  immediately  after  the  armature  leaves  the  magnet,  and  turn 
the  multiplying  wheel  o.     The  sparks  and  shocks  thus  pro- 
duced, will  be  found  far  greater  than  when  the  circuit  is 
broken  while  the  armature  is  approaching.    The  break-piece  is 
readily  adjusted,  so  that  the  armature  revolves  of  itself  with 
great  rapidity ;  but  in  this  case  also^  the  sparks  and  shocks* 
are  at  once  diminished,  as  the  source  of  magnetism  must  be 
cut  off  before  the  armature  arrives  at  its  equilibrium.     With 
things  thus  arranged,  connect  the  two  ends  of  the  small  wire 
b,  c.   (This  wire  is  insulated,  and  entirely  independent  of  the 
large  wire.)     The  revolution  of  the  armature  is  now  suddenly 
stopped.     The  flowing  of  the  secondary  current  after  the  gal- 
vanic is  broken^  keeps  up  or  prolongs  the  power  of  the  magnet 
so  as  to  retain  the  armature.     As  a  proof  of  this,  set  the 
spring  and  break-piece  so  that  the  magnetic  power  shall  be  cut 
off,  some  time  before  the  armature  arrives  at  equilibrium.     It 
revolves  of  course  slowly.   Connect  now  the  ends  of  the  small 
wire  by  c,  and  it  immediately  revolves  with  rapidity,  the  pro- 
longation of  magnetism  by  the  secondary,  contributing  now 
to  the  motion  of  the  bar.     Here  then  the  secondary  becomes 
a  new  source  of  magnetic  power.     This  instrument,  when  the 
armature  is  revolved  mechanically,  affords  a  shock  from  b,  c, 
both  when  the  circuit  is' completed  and  broken.     The  sparks 
are  exceedingly  brilliant^  and  the  shocks  so  powerful  that 

*  The  shocks  are  taken  from  the  cups  6,  c. 
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they  are  sometimes  felt  by  the  bystanders  through  the  floor. 
The  light  from  charcoal  points  is  intense.  It  decomposes  pure 
water,  and  charges  the  Leyden  jar.  But  its  most  remarkable 
and  novel  properly  is  that  of  giving  a  slight  shock  without 
breaking  the  circuit,  and  while  the  galvanic  current  is  flowing 
without  obstruction.  To  effect  this,  place  the  spring-^wire  m, 
with  /,  on  the  whole  portion  of  the  ferule  and  turn  the  wheel. 
A  slight  shock  will  be  felt  at  b,c,  beingiiimply  the  consequence 
of  magnetic  disturbance  by  the  motion  of  the  armature.  A 
single  thermo-electric  pair  of  bismuth  and  antimony  plates 
heated  and  cooled,  affords  a  shock  which  is  felt  as  for  as  the 
wrist. 

fVashington,  D.C., 
June  2,  183S. 


LXIII.  On  an  electro-magnetic  Indicator.  By  J.  T. 
QuEKKTT,  Esq.  In  a  letter  to  the  Editor  of  the  Annals  of 
Electricity. 

Sir,  • 

Knowing  that  considerable  difficulties  are  experienced  by 
lecturers  and  others  in  the  explaining  to  the  uninitiated  the 
action  of  electric  cuirents  on  the  magnetic  needle,  I  have 
contrived  a  little  piece  of  apparatus,  which  I  call  my  electro- 
magnetic indicator,  for  the  purpose,  of  illustrating  the  sugges- 
tioBS  of  Ampere,  and  which  I  think  will  not  only  assist  in  die 
.comprehension  of  his  views,  but  tend  to  fix  more  permanently 
in  the  mind  this  important  principle.  The  construction  of  it 
is  as  follows: — 

Let.  A  B  represent  a  pie^ceof  wood  about  eight  inches  long  and 
four  wide,  into  which  is  morticed,  at  a  convenient  distaitee  from 
one  end,  an  upright^  C  D,  five  or  six  inches  in  height,  and 
of  the  shape  represented  in  fig.  3,  plate  XIII ;  on  the  inn^ 
face  of  this  upright  are  faslened  two  concentric  circles  of 
brass,  E  F,  also  seen  in  fig.  4,  and  in  section  in  fig.  4. 
These  circles  are  about  a  quarter  of  an  inch  wide,  and  the 
larger  is  three  inches,  and  the  smaller  two  inches  in  diameter. 
To  the  larger  or  outermost  of  these  circles  is  fisstened  a  wire, 
P,  for  communication  with  the  positive  pole  of  a  battery,  and 
to  the  inner  another  wire,  N,  for  the  negative  pole  of  the  same 
battery.  WW  is  a  piece  of  brass  wire  bent  as  represented, 
and  its  ends  kept  apart  by  a  piece  of  ivory,  1 1',  tlurough  tlie 
middle  of  which  is  a  hole  for  receiving  a  screw,  M,  fig.  3. 
The  end,  W,  of  the  wire  is  made  quite  smooth  and  moves  on 
the  outer  circle,  E,  whilst  the  end,  W,  moves  on  the  inner 
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circle,  F.  These  ends  are  kept  in  perfect  contact  with  the 
circles,  E  F,  by  means  of  a  spring,  G  G',  which  is  interposed 
between  the  head  of  the  screw,  M,  and  the  ivory,  1 1'.  The 
screw  also  forms  an  axis  on  which  the  frame,  W  W',  is  made 
to  turn ;  the  pressure  to  ensure  perfect  contact  being  made 
by  the  nut,  L,  as  seen  in  fig.  3.  From  the  head  of  the  screw, 
M ,  we  have  a  smaller  wire  proceeding,  and  bent  three  times 
at  right  angles  as  seen  at  H,  its  free  end  being  pointed  for 
the  purpose  of  allowing  the  magnetic  needle,  N  S,  to  move 
on;  which  needle,  for  the  convenience  of  persons  at  a  distance, 
has  on  its  respective  poles  the  cardboard  letters  N  S, 
Attached  to  the  wire  frame  at  W,  is  a  little  wooden  figure 
with  its  &ce  fronting  the  needle,  and  in  its  right  hand  is 
placcfd  a  little  staiF  to  which  another  letter  N  is  attached. 
On  the  wires,  P  and  N,  are  fastened  arrows,  also  cut  out  in 
cardboard,  to  show  at  a  distance  through  which  wire,  and 
in  what  direction,  the  current  is  passing ;  the  letters  N  and  P 
being  also  used  to  denote  which  electricity  is  employed. 

Such  is  the  description  of  the  apparatus.  Now  for  its  appli- 
cation. 

We  will  suppose  that  the  wire,  F,  is  in  communication  with 
the  positive  pole  of  a  battery,  and  N  with  the  negative  pole ; 
the  arrows  then  will  show  that  a  positive  current  is  passing 
from  the  head  of  the  figure  towards  its  feet  over  the  iieedle, 
N  S ;  We  shall  then  find  that  the  north  pole  of  the  needle,  on 
which  the  letter  N  is  placed,  will  move  towards  the  right 
hand  of  the  figure.  But  the  wire  frame,  W  W,  has  a  motion 
round  M  as  a  centre,  and  can  be  placed  in  any  position,  with 
respect  to  the  needle,  N  S,  that  we  may  please :  the  contact 
with  the  circles,  E  F,  being  always  preserved  by  the  spring, 
G  G'.  If  now  the  frame  work  be  turned  so  that  the  figure 
bei  Exactly  under  the  needle,  the  north  pdle  will  still  move 
towards  tne  right  hand  of  the  figure,  atid  it 'will  be  observed 
that  the  right  hand  Is  how  ib'  an  opiiositedirection  to  what  it 
was  at  fiirst.  Again,  if  the  wire  be  turned  a  quarter  of  a  circle 
either  backwards  or  forwards,  so  that  the  plane  of  the  wires 
corresponds  with  the  plane  of  the  needle,  the  north  pole,  N, 
will  then  dip  up  or  down  according  to  whether  the  right  hand 
of  the  figure  point  upwards  or  downwards ;  in  feet,  as  long  as 
the  current  remains  the  same,  the  north  pole  of  the  needle 
will  always  move  to  the  right  hand  of  the  figure,  in  whatever 
position  the  frame,  WW,  be  put.  If  a  negative  current  be 
passing  through  the  wire>  P^  the  reverse  law  obtmns.  AH 
these  conditions  with  one  current  may  be  shown  without 
removing  the  wires,  P  N,  from  the  battery ;  but  the  motions 
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of  the  needle  will  be  more  striking  if  they  be  taken  oat  pre- 
yions  to  the  diifiling  of  the  frame  w<»k,  W  W. 

Should  yon  think  the  above  worthy  of  a  place  in  your 
Annals^  the  insertion  of  it  will  oblige, 

Yoor  obedient  servant, 

50,  fVellcloge  Square.  J.  T.  QUEKETT. 

P.  S.      Since  the  above   was  written  I  have  made    an 
improvement  in  the  circles  of  brass,  E  F.     Instead  of  having 
on  the  outer  one  a  continuons  metallic  sur£a.ce,  I  propose  to 
have  at  the  four  quadrants  little  pieces  of  brass  soldered  on, 
and  the  space  between  these  pieces  of  brass  to  be  filled  up 
with  wood,  so  that  when  the  wire  touches  the  wood  the  cur- 
rent may  be  stopped,  and,  consequently,  when  the  wire  frame, 
W  W'y  is  being  moved  on  the  wood,  the  needle  will  return  to 
its  original  condition,  and  only  be  again  acted  on  when  the 
current  is  allowed  to  pass  by  means  of  the  piece  of  brass  at 
the  quadrant ;  this  contrivance  will  supersede  the  necessity 
of  removing  the  battery  wires  when  we  wish  to  show  the 
action  of  all  the  currents  in  succession.    This  mode  of  making 
contact  will  probably  be  of  some  service  to  those  engaged  in 
telegraphic  and  other  applications  of  electricity. 

LXIV.  Preliminary  observations  on  an  experiment  on  the 
action  of  Perchloride  of  Platinum  ( PlatinchloridJ  on 
Acetone.     By  William  C.  Zeise,  of  Copenhagen,^ 

When  a  solution  of  perchloride  of  platinum  in  about  two 
and  a  half  parts  of  acetone  is  distilled  to  a  syrupy  consist- 
ence>  and  the  distillation  of  the  product  is  once  or  twice 
repeated^  we  obtain  a  mixture  of  a  variety  of  new  combinations 
in  the  several  chloride's  thus  produced.  The  liquor  which 
last  distils  over  is  rich  in  muriatic  acid,  and  contains  at  least 
one  aetherial  body.  The  difierent  compounds  thus  mixed 
together,  are  difficult  to  obtain  in  a  separate  and  pure  state  : 
and  although  I  have  already  devoted  much  time  to  accomplish 
this  object,  I  am,  nevertheless,  not  certain  that  I  have  ob- 
tained them  all  in  a  pure  condition.  Of  these  compounds, 
there  appears  one  which  deserves  a  particular  description.  It 
is  a  yellow  crystallizable  body  whose  elementary  composition 
is 

PH-2GH6C+10H+O.t 

*  Poggendorff'8  Annalen  der  Physik  und  Chemie.     Band  XLV 
Stuck  2.    Translated  by  W. 

t  The  original  formula  is  Pt+2C1+6C+10H+0,    Tiu»». 
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In  order  to  obtain  this  compound,  I  agitate  the  brown  acid, 
tar-like  residue,  with  fresh  portions  of  water,  as  often  as  that 
liquid  assumes  a  brown  yellowish  colour,  and  then  quickly 
filter  the  solution  through  a  linen  cloth,  for  the  purpose  of 
separating  the  undissolved  resinous  or  pitch-like  matter. 
The  solution  soon  becomes  turbid  from  the  lower  part  upwards, 
and  in  the  course  of  half  an  hour  or  an  hour,  a  tolerable  large 
quantity  of  small  yellow  crystals  form  and  precipitate  in  the 
liquor.  I  now  decant  the  mother  liquor  and  place  it  in  a 
vacuum  over  sulphuric  acid,  either  with  lime,  or  hydrate  of 
potassa,  until  it  has  evaporated  to  a  brown  crystalline  mass. 
'^I'his  crystalline  substance  I  now  treat  with  water  in  the  same 
manner  as  I  treated  the  tar-like  substance  in  the  first  instance ; 
by  which  means  I  obtain  another  portion  of  the  new  crystal- 
lizable  compound :  but  this  latter  portion  is  generally  of  a 
deep  brown  colour.  In  order  to  obtain  it  pure,  I  dissolve  it 
in  the  acid  liquor  obtained  from  the  first  distillations  of  the 
perchloride  with  acetone,  and  distil  this  filtered  solution  down 
to  a  syrupy  consistence,  and  treat  this  residue  with  repeated 
effusions  of  water  in  the  manner  already  described.  Finally, 
in  order  to  remove  every  trace  of  brown  colouring  matter,  I 
place  the  last  obtained  crystalline  product  between  folds  of 
blotting  paper,  and  after  its  being  well  pressed  and  dried  I 
dissolve  it  in  acetone,  filter  the  saturated  hot  solution  into  a 
wide-mouthed  glass  vessel;  and  when  cooled,  decant  the 
liquid  part  from  the  deposited  crystals.  This  liquid  I  cau- 
tiously distil  down  to  that  state  which  will  ensure  the  greatest 
part  of  it  to  crystallize.  The  crystals,  thus  obtained,  are 
washed  in  a  small  portion  of  acetone  and  then  dried.  I  have 
also  obtained  a  considerable  quantity  of  this  compound  by 
placing  a  given  quantity  of  acetone  mixed  with  perchloride  of 
platinum,  in  a  well  closed  glass  vessel :  agitating  the  mixture, 
and  afterwards  permitting  it  to  stand  unmolested  for  twenty- 
four  hours.     I  name  this  new  compound  Metacechlorplatin, 

Metacechlorplatin  is  of  a  sulphur  yellow  colour;  the  crys- 
tals are  small  and  difficult  to  describe  with  accuracy :  it  is 
almost  devoid  of  all  smell.  When  dried  at  the  common 
teinperature  of  the  air,  it  loses  nothing  in  weight  by  lieing 
placed  in  a  vacuum  over  sulphuric  acid ;  not  even  when  the 
temperature  is  raised  to  above  100°.  It  inflames  with  facility, 
burns  with  a  partially  green  flame  and  leaves  a  residue  of 

Elatinum  of  a  silvery  white  colour.  Heated  in  a  retort  it 
lackens,  and  without  swelling  up,  yields  an  abundance  of 
odourous  vapour,  peculiar  at  the  commencement,  but  which 
afterwards  has  a  strong  smell  of  muriatic  acid :  a  part,  at 
least,  of  which  vapour  is  easily  condensed  to  an  oily  substance. 
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The  carbonaceous  residue  bums  slowly  in.  the  open  air^  some- 
thing like  tinder,  and  leaves  silvery  white  platinum  behind. 
Scarcely  any  of  it  is  dissolved  by  water  at  common  tempera- 
tureSy  but  when  heat  is  applied,  apportion  becomes  dissolved, 
and  forms  a  yellow  solution ;  which^  however^  holds  but  very 
little  of  the  salt.  By  boiling,  this  solution  yields  a  brown 
flocculent  substance,  whilst  the  undissolved  portion  becomes 
transformed  into  a  brown  slimy  mass,  without  any  observable 
appearance  of  metallic  platinum,  ^ther  does  not  appear  to 
dissolve  this  body:  and  alcohol,  at  common  temperatures, 
has  but  a  feeble  action  on  it,  though,  by  heat,  some  little 
becomes  dissolved  in  the  latter  medium,  which  assumes  a 
yellow  colour,  and  which,  whilst  cooling,  deposits  a  yellow 
crystalline  powder.  Muriatic  acid,  even  when  concentrated, 
operates  upon  it  only  at  a  high  temperature:  the  acid  solution 
endures  a  boiling  heat  without  any  observable  change.  By  a 
solution  of  potassa  metacechlorplatin  is  easily  dissolved,  form- 
ing with  it  a  brown  liquid.  A  solution  of  chloride  of  potassium, 
or  chloride  of  sodium,  also  dissolves  it  by  heating :  and  the 
yellow  coloured  solution  denotes  no  change  by  submitting  it 
to  a  boiling  temperature. 

The  determination  of  the  carbon  and  hydroygen  was  accom- 
plished by  burninff  a  portion  of  the  new  compound,  with 
oxide  of  copper,  and  another  portion  with  chromate  of  lead. 

The  composition  of  metacechlorplatin 

(C1.C1«-|-C«H»«0 

when  compared  with  that  of  acetone  (C®H**0*),  indicates 
that  (H*0)  has  become  displaced  by  the  introduction  of  an 
atom  of  the  chloride  of  platinum.  There  appears,  however,  to 
be  several  other  chloro-combinations  formed  simultaneously 
with  this  one ;  and,  therefore,  the  chemical  interchanges  may, 
perhaps,  be  of  a  somewhat  more  complicated  nature.  At  i^ 
events,  it  is  probable  that  there  is  formed  a  compound  con- 
sisting of  two  atoms  of  chlorine  and  two  atoms  of  hydrogen, 
in  the  same  manner  as  by  the  action  of  perchloride  of  platinum 
with  alcohol ;  and  there  is  also  formed,  by  the  reaction  of 
one  atom  of  oxygen,  one  of  the  compounds  of  a  corresponding 
character  with  aldehyde  (Consult  my  essay  on  the  inflammable 
chloride  of  platinum  in  this  Annals,*  Vol.  XL.  p.  251). 
This  compound  assimilates  itself  also  with  those  products  cf 
acetone  with  sulphuric  acid,  muriatic  acid,  &c.,  described  by 
Kane  (See  Transactions  of  the  Royal  Irish  Academy).  It  also 
appears  worthy  of  observation,  tnat  whilst  by  the  action  of 
perchloride  of  platinum  on  alcohol  two  atoms  of  chloride 

*  PoggendorfTs  Annalen  der  Physik  und  Chemie. 
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combine  with  one  atom  of  aetherin  (CM!®);  but  by  allowing 
only  one  atom  of  chloride^  still  H  *  O  (and^  perhaps^  as  the 
representative  of  the  second  atom  of  chloride)^  withC^H* 
forms  a  distinct  combination. 

When  the  brown  crystalline  mass,  obtained  in  vacuo^  has 
yielded  its  last  portion  of  metacechlorplatin>  there  remains,  a 
sour  brown  liquid  behind.  If  this  be  heated  in  a  retort^  it 
becomes  troubled  and  exhibits  a  tolerably  brisk  effervescence, 
yielding,  at  the  same  time^  an  oily  looking  fluid  which  passes 
over ;  and  in  less  than  the  course  of  an  hour  there  forms  in 
the,  now  almost  colourless^  fluid  a  great  quantity  of  small 
flakes  of  a  coal-black  matter.  Of  this  substance  I  shall  make 
no  farther  remark  in  this-place,  than  that,  when  gently  heated^ 
it  inflames  with  explosion.  For  the  present  I  name  it  pyrace- 
chlorplatin. 

When  the  original  syrupy  product^  of  the  distilled  solution 
of  the  chloride,  has  yielded  the  whole  of  its  soluble  iK)rtion 
to  the  water,  there  remains. a  considerable  quantity  of  a  dark- 
brown  pitchy  matter;  which  for  convenience  I  call  platinlmrz. 
At  common  temperatures  this  substance  is  as  hard  and  brittle 
as  rosin, exhibiting  a  glassy  fracture:  and  when  very  carefully 
cleansed  with  water^  and  then  dried  in  a  vacuum  over  sul- 
phuric acid  and  hydrate  of  potassa,  it  becomes  very  easily 
pvdverized.     When  something  warm>  it  becomes  as  soft  and 
pliable  as  wax,  and  is  easily  drawn  out  into  threads.     When 
inflamed,  it  emits  a  bnlliant  flame,  which  near  the  border  is 
of  a  greenish  tinge,  and  leaves  metallic  platinum.     Heated 
in  a  retort  it  swells  considerably  and  emits  an  abundance  of 
fumQS>  some  part  of  which  very  easily  condenses ;  and  the  car- 
bonaceous residue  bums  slowly  in  the  air,  leaving  platinum.  A 
solution  of  potassa  dissolves  the  resin  completely,  acetone 
nearly  all  of  it,  and  alcohol  and  aether  a  sensible  part.     That 
portion  which  does  not  dissolve  in  the  two  last-mentioned 
liquids,  forms  a  solution  with  acetone,  from  which  aether 
separates  a  dark  brown  substance,  dissolvable  only  in  acetone 
iind  solution  of  potassa.     This  substance,  for  the  present,  .1 
call  chloraceplatin.     That  part  which  is  dissolved  by  alcohol 
and  sBther,  appears  still  to  contain  two  distinct  bodies.  These^ 
as  well  as  the  metacechlorplatin,  and  the  remaining  primary 
and  secondary  products,  I  hope,  soon  to  be  able  to  give  a 
luorie  copious  description.     In  connexion  with  this  enquiry,  I 
am  also  preparing  for  an  examination  of  the  action  of  metace- 
ton,  pyroligneous  spirit  and  oil  of  turpentine  with  perchloride 
of  platipum.     I  also  think  of  examining  spme  other  metallic 
chlorides  and  haloides  with  reference  to  those  I  have  already 
studied- 


•  f  H 


r    -J^^-f-=  V.  ■  ^tis'ioqo  "io  ionfH5fr[  /vH  ni   tv'^' 'f>^"  ^-rf'^  oia 
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one  pUce  to  another  might  be  made  visibJ.e.^^  Jforjthis  pur- 
pose I  employed  the  following  appara^^>^,.  C\ 

Let  a  and  a',  fig.  5,  Plate  XIII.,  be  two  small  Leyden  jars 
of  three  iiiches  high  and  witfaoirt'covers  "havlhg~th[e"i;wo  con- 
ducting wiv^^f  ^Hhin  brlli»1iK)3lelii$d^il^^  Ae  ic^oik.     Charge 

m 

pi  ffias^  ^,  £aia  ine  otner  on  ine  lapi^  a^  snown,  in 
figureij.  Between  ihejpe  jar«  place  a  glAss  pillar,'  o^'*^; 
it  steel' poii^.^ oh/ its, top,  and  on  t)iat  point, , an  i^d< 
12  ip(^he9  in  ie^^^        placed^  which  i^ay  move/fe^^ 

any  direcjibn.  index;  \s^  t^Uei^  repres6n(^4;iC^^^ 

where  c  is  the  agate  cap  which  rests.. on  the,  pivotj  cjza 
CMillary ; fflass  tube^with  a  nne  copper  ring  at  ft^^voufei 
ex};remityi  and  *cc  ^a  thin  copper  wxi*e  with"  snX^u  ".Qcwot 
t%rppis^7_iit  commencing  the  experiment  thfe^  rm^  ^p^ 


ei|(^trlcitt  bp  the  opposite  sides  of  it/''  Ifthelf^liew!, 
o¥aii^  norm  p^r^ons  to  distuW) 'its  ti-gcn^^W 

rB6fift^xf6iidifa<in$  highly  essential  to  ensure  exact  i^Sdll 
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on  the  glass  stand ;  and  in  this  manner  it  will  play  to  and 
fro  for  a  few  minutes,  causing  the  charge  of  the  two  jars  to 
diminish  sensibly.  Out  of  a  hundred  experiments  of  this 
kind,  the  first  movement  was  eighty  times  towards  the  positive 
surface;  and  whenever  the  first  motion  of  the  index  was 
towards  the  negative  surface  it  was  not  difficult  to  see  that 
there  was  a  defect  in  the  manner  of  operating  either  by  a 
little  motion  of  the  hand  whilst  leaving  the  index,  or  from 
some  other  cause.  I  need  not  observe  to  you,  sir,  how  difficult 
it  is  to  proceed  with  accuracy  in  such  extremely  delicate 
experiments.  If  the  jars  are  loaded  too  strong  the  move- 
ment of  the  index  will  be  too  swift  and  uncertain.  There 
must  be  just  enough  force,  and  no  more  than  is  wanted,  to 
produce  a  gentle  movement. 

With  high  regards,  I  am, 
Amsterdam^  Your  obedient  servant, 

December  25th,  1838.  A.  VOORT. 


LXVI.     Curious  Voltaic  Experiment, 

We  are  indebted  to  Mr.  Porrett  for  the  discovery  of  a  dis- 
turbance of  the  common  hydrostatical  level  of  water  by  voltaic 
action.  Mr.  Porrett*s  interesting  experiment  is  well  described 
in  the  8th.  volume  of  the  Annals  of  Philosophy.  The  arrange- 
ment consisted  of  a  glass  vessel  divided  into  two  compart- 
ments by  a  bladder  partition.  "  One  of  these  compartments 
having  been  filled  with  water,  and  left  for  several  hours,  was 
found  to  have  retained  the  water.  The  bladder,  therefore, 
was  not  sufficiently  porous  to  allow  the  water  to  filtrate 
through  it.  The  cell  filled  with  water,  was  now  positively 
electrified,  with  a  (voltaic)  battery  of  80  pairs  of  1|  inch 
double  plates,  and  a  few  drops  of  water  were  put  into  the 
empty  cell,  so  as  to  cover  the  bottom  of  it.  This  small  quan- 
tity of  water  was  then  negatively  electrified"  by  placing  in 
it  the  wire  from  the  negative  pole  of  the  battery.  "  Indepen- 
dently of  the  decomposition  of  a  small  part  of  the  water, 
which  of  course  took  place  in  the  usual  manner,  the  principal 
part  of  it  obeyed  the  impulse  of  the  voltaic  current,  from  the 
positive  to  the  negative  wire,  first  overcoming  the  resistance 
occasioned  by  the  compact  texture  of  the  bladder,  so  as  in 
half  an  hour  to  have  brought  the  water  in  both  cells  to  the 
same  level,  and  afterwards  overcoming  the  additional  resist- 
ance occasioned  by  the  gravitation  of  the  water,  by  continuing . 
to  convey  that  fluid  into  the  negative  cell,  until  its  surface  in 
tliat  cell  was  upwards  of  |  of  an  inch  higher  than  in  the  posi* 
tive  cell."      This  experiment  has  been  repeated  by  M.  I>e  la 

Vol.  III.— JVb.  17,  March,  1839.  2E 
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Rive,  and  Mr.  MuUins,  with  similar  results.*  But  the  for- 
mer gentleman  has  stated  that  he  could  not  succeed  unless 
distilled  or  river  water  was  placed  in  the  cells,  for  when  he 
employed  a  saline  solution  of  a  proper  strength  no  such  effect 
of  impulsion  was  perceptible.f 

Having  ascertained  the  correctness  of  the  statements  of 
Mr.  Porrett,  I  became  desirous  of  knowing  whether  or  no  a 
feebler  voltaic  intensity  would  produce  a  similar  effect  by  a 
longer  continued  action:  and  as  earthen -ware  diaphragms  are 
now  much  employed  for  separating  the  copper  from  the  zinc 
of  a  voltaic  pair,  I  employed  an  unglazed  stone-ware  jar^ 
which  was  kindly  given  to  me  by  Mr.  Gassiot,  for  a  first  trial. 
This  jar  is  about  6  inches  high  and  3?  diameter.  It  was 
partly  filled  with  a  solution  of  carbonate  of  soda,  and  placed 
in  a  larger  jar  of  porcelain,  which  was  afterwards  filled  about 
half  way  up  with  a  solution  of  sulphate  of  copper.  A  cylin- 
der of  roUed  copper,  sufficiently  large  to  envelope  the  diaph- 
ragm, was  placed  in  the  sulphate  of  copper,  and  a  small  cylin- 
der of  zinc  in  metallic  connexion  with  the  former,  was  placed 
in  the  solution  of  soda.  The  liquids  inside  and  outside  of 
the  stone-ware  diaphragm  were  of  precisely  the  same  altitude. 
In  three  days  a  difference  of  altitude  in  the  two  liquid  columns 
was  very  perceptible,  and  in  about  ten  days  from  the  com- 
mencement of  the  experiment,  nearly  the  whole  of  the  liquid 
in  the  zinc  cell  was  driven  through  the  stone- ware  partition 
into  the  outer  compartment.  The  copper  solution  was  so 
completely  decomposed,  that  scarcely  a  trace  could  be  detected 
by  liquid  ammonia :  and  but  a  very  slight  tinge  was  given 
to  litmus  paper,  showing  that  the  acid  liberated  from  the  sul- 
phate had  been  either  neutralized  by  the  soda,  or  decomposed 
by  acting  on  the  zilic :  or  its  disappearance  was  probably  oc- 
casioned on  both  these  accounts.  A  thin  crust  of  salt,  (pro- 
bably sulphate  of  soda)  covered  the  moisture  which  was  left 
in  the  bottom  of  the  diaphragm,  and  the  zinc  was  much  cor- 
roded and  partially  covered  with  a  white  matter,  partly  soluble 
and  partly  insoluble  in  water,  the  latter  portion  being  a  car- 
bonate of  the  oxide  of  zinc.  I  have  repeated  the  experiment 
with  precisely  the  same  results,  obtaining  a  difference  of  al- 
titude of  four  inches  in  the  two  liquids,  the  filtration  being 
always  in  the  direction  of  the  electric  current.  I  have  also 
obtained  similar  electro-tranifeportations  of  liquid  media 
through  diaphragms  of  common  tile,  and  soil  red  brick,  and 
I  have  no  doubt  of  their  being  obtainable,  hy  sandstone  and 
even  thick  masses  of  granite. 

WILLIAM  STURGEON. 

*  Annals  of  Electricity,  &c.,  Vol,  I,  p.  206, 
+  Ibid. 
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LXVII.     Description  of  a  new  Galvanic  Battery. 

Mr.  Grove  has  made  a  voltaic  battery  consisting  of  alter- 
nate plates  of  iron  and  unglazed  porcelain^  fixed  in  a  mill-board 
box,  at  some  distance  from  one  another^  like  the  plates  of  a 
Cruickshank's  battery.  When  the  alternate  cells  are  filled  with 
a  solution  of  the  sulphate  of  copper,  one  side  of  each  iron 
plate  soon  becomes  coated  with  copper.  The  battery  now 
consists  of  copper  and  iron,  as  decidedly  as  the  Cruikshanks 
consists  of  copper  and  zinc ;  so  that  when  the  other  alternate 
cells  are  filled  with  any  liquid  which  will  not  act  on  the  other 
face  of  the  iron  plates,  the  battery  is  ready  for  experiment. 
This  is  an  exceedingly  ingenious  contrivance,  but  can  only  be 
used  to  advantage  when  solution  of  copper  is  one  of  the  liquids 
em^oyed. 

The  battery  I  am  about  to  describe  will  be  found  exceed- 
ingly useful  either  for  display  on  the  lecture  table,  or  as  an 
implement  of  research.  It  consists  of  a  rectangular  wooden 
box  as  represented  at  the  bottom  of  Plate  IX.,  in  which  are 
cemented  a  series  of  voltaic  pairs  of  copper  and  zinc,  in  the 
Cruikshank  form.  Every  cell  formed  by  these  metals  is 
divided  into  two  compartments  by  a  diaphragm  of  mill-board, 
also  cemented  into  the  sides  and  bottom  of  the  box  so  as  to 
be  completely  water-tight.  The  figure  represents  six  metallic 
pairs  and  five  diaphragms,  the  former  by  the  light  partitions 
and  the  latter  by  the  shaded  ones.  As  the  mill-board  is  per- 
vious to  aqueous  liquids  it  is  obvious  that  any  two  kinds  may 
be  employed  which  may  be  found  most  suitable  to  operate 
with,  the  one  on  the  copper  side  and  the  other  on  the  zinc  side. 
Twelve  plates,  6  inches  square,  answer  very  well  for  decom- 
posing acidulated  water  when  a  solution  of  sulphate  of  copper 
occupies  the  copper  cells,  and  a  dilute  solution  of  soda  the 
zinc  cells.  Such  a  battery  will  be  found  to  possess  many 
recommendations. 

WILLIAM  STURGEON. 

* 
LXVIII.     On  Voltaic  Decompositions,    By  G,  Mackrell, 
Esq.     Communicated  in  a  letter  addressed  to  To  J,  P. 
Gassiot,  Esq. 

Read  before  the  London  Electrical  Society  Jan.  15, 1839.* 

Cloudesly  Square, 
December  27,  1838. 
Dear  Sir, 
The  experiments  I  am  about  to  detail,  and  the  conclusions 
at  which  I  have  arrived  from  them,  having  originated  from  a 

*  Communicated  by  the  Author. 
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It  wijl  be  perc^^d  t^re  was«  cou8id«TB^l(^<^ect  in  battery 
K;  it  Tas'therefore  removed  .from  th?  arrsit^smeM ;— the  re- 
maining battemfl  were  again,  tested.  ^nd'f^^g^Jt^  results 
as  before  stated,'  we.prooeeded  with  t^T— ^ 
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A&F — 2  experiments^  each  32|  seconds. 
B&F— 2  „  „      35 


9f 


C&F— 2  „  „  32J 

D&F— 2  „  „  32J 

A,B,&C— 2  „  „  25 

A,C,&D— 2  „  „  251        „ 

A,B,&F-2  „  „  25f 

A,B,D,&F— 3  „  „  22 


A,C,D,&F-2  „  „     21 

A,B,C,D,&F— 2  „  „      19  J 


99 
99 
99 


Having  obtained  these  additional  results^  we  now  proceeded 
to  find  the  ratios  of  the  differences^  with  a  view  of  ascertain- 
ing if  they  were  governed  by  any  regular  progression. 

It  will  be  found  that  the  mean  time  required  to  produce  a 
cubic  inch  of  the  gases,  in  the  second  set  of  experiments^ 
was  with 

A  single  battery  58.8" 

Two  batteries      33.12" 

Three      „  25.33" 

Four        „  21.5" 

Five         „  19.5' 

but  if  the  batteries  were  acting  separately  the  results  ^Krould  be 

For  one  battery  58.8" 

Two  batteries  29.4" 

Three      „  19.6" 

Four        „  14.7" 

Five        „  1  ]  .76" 

the  difference,  therefore,  arisiring  from  interference,  between 
the  view  we  had  taken  and  the  experiments,  will  be 

In  two  batteries  3.72" 
Three    „        5.73" 
Four      „        6.8" 
Five       „        7.74" 

From  these  ratios,  it  appears  that  the  following  formula  will 
very  nearly  give  the  true  result,  a  being  taken  for  the 
excess  of  time  required  for  two  batteries  in  union,  over  the 
same  two  batteries  when  acting  separately.  In  the  foregoing 
case,  a  is  seen  to  be  3.  72" ;  then  a-|-|  will  express  the  excess 
for  three  batteries;  a-|-|-|-*  that  for  four  batteries;  (1+^+ 
l-f.  1  that  for  five  batteries ;  and  so  6n ;  thus 

a+l+T+T  •  •  •  •  +5^1  for  w  batteries. 
The  following  table  will  show  the  result  from  our  experiments. 
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Mean    time 

Mean  time  of 

Difference    by 

by 

Experiment. 

batteries  were 
acting  sepa- 
rately. 

Difference. 

the  proposed 
formnla. 

First,  set  uf 

experiments. 
1  battery, 
2 

57.5" 
32 

57.6" 
28.75 

3.25" 

3 

24 

19.17 

4.83 

4.87" 

4 

21 

14.37 

6.63 

5.96 

5       .. 

19 

11.5 

7.5 

6.78 

6 

17 

95 

7.5 

7.43 

Second  set  of 

experiments 
1  battery. 
2 

58.8 
33.12 

58.8 
29.4 

3.72 

3 

25.33 

19.6 

6.73 

5.68 

4       .. 

21.5 

14.7 

6.8 

6.82 

5 

19.5 

1         11.7 

7.8 

1        7.75 

The  close  approach  of  the  proposed  formula  for  the  inter- 
ference to  the  observations  is  remarkable,  being  in  the  second 
set  of  experiments  within  one  seventh,  one  fiftieth,  and  one 
twentieth  of  a  second;  and  may  not  even  these  trifling  differ- 
ences arise  from  the  imperfect  nature  of  the  experiments?  It 
is  therefore  desirable  the  subject  should  be  investigated  by 
more  correct  manipulation  than  can  be  expected  from  ama- 
teurs; and  we  trust  that  some  gentlemen  more  competent  to 
the  undertaking  will  shortly  perform  this  task,  particularly  as 
relates  to  the  difference  of  the  two  first  batteries,  from  which 
our  standard  data  of  interference  are  assumed;  and  the  laws 
of  which  our  time  did  not  allow  us  to  examine* 

We  are  aware  that  this  communication  may  be  objected  to, 
as  it  adds  nothing  to  physical  science;  but  it  must  be  ad- 
mitted, that  if  the  interference  of  voltaic  arrangements  can 
be  estimated  from  an  examination  of  the  two  first  batteries, 
one  point  at  least  is  gained:  and  if  electricity  can  be  brought 
under  mathematical  laws,  the  benefits  emanating  from  thence 
would  be  incalculable. 

I  remain,  dear  sir^ 

Your's  very  truly, 
G.  MACKRELL 


LXIX.  Facts  and  observations  for  the  purpose  o/ illus- 
trating a  Theory  intended  to  connect  the  Operations  of 
Nature  upon  general  principles.   By  Paul  Cooper,  Esq. 

(Continued  from  page  403.^ 

152.     Having  investigated  the  nature  and  characters  of 
the  resistance  presented  by  the  interposition  of  a  reversed 
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pair  of  pistes.  I  shall  Jiow.ende«vw^tff,,e]t|i^^»htt)f(ipilt|B8ft 
r#»Bt(i»l*ltlttfligl(irt&'o™&iinaypfs  ftfe.ifft^ftiwflinJ^-jIs  silt 

tteiftuilifant'ofl  ^*J«rieHV'Vis-eTiLir^^y  fttpjip^'iftaitawbceiwcfe 
Mirppseaolwi  l  iflia-ptisJliBl ''tti  e  ;platiiift,  ^l^ft^Pt,  #g«i8Qt)^'lBt*PXlt' 
fiiStlbyiiW^ingrtPWi^jM'^iit'h'at  It  should  decompose  wit^J'J 
and  evolve  both  its  elemi  itj^ho^tpM^-'YI^'hisImk- 

S8ij8efaF«M*ai»*!^yti'8fc<  .jtl,'tj:ie,stews*efQi»giveifiw 

Fsf-fls^thJ-whole  TiMt'l  >n  «^,gppefi«itiaq  <rf  foR*i^i 

at  the  places  of  elecm^  |j  p^^^^;fj^%^ii^oipps8it!Eoti, 

aotjl-^  water' is  thb  ^ublf  Lfi^ipj/^^fiifhatkbefOfS^^ 

tb.».)clq-MiBe'ri8(ti''mot<#,  H  fi,^,g^.fs^dlth»tthe';*3ife'"' 

ehi^d'iKffi'suciipbWert  in  for  oxygen,  as  not  oiUt'^' 

to  be  able  to  take  it  from  its  as,s,9^i|%t(:;i^,h)t(lri«(g^i  l»ititeaQl 
sutfeiBi'Mii^Kjft-ttf'lforce  a3,'|)aa's^|ig,>^|l:b#/fipcarid' plfttft-:^^"' 
de(flinposit««r,-8hou]d  be  there  ghVtl^a^fontia'ftecMid'BepaZ'''' 
ra^o(»«f  the 'Elements  ofwater:'|',5^j;\i^^  flfjfte^MmiidTeqoiWBf* 
that  theifort;e-of  attraction  beiVeefl,,^^^  ftr!tlo«i(jg«».st%^ii''^'' 
uncUc  thB  icirtjurastances'  \)e'  ok_[ip^t.^J^^\m:,ft^igfaat-&'''tW^^'' 
force    of   attfaMiaM-1betweeh''(iie-,oxigMi3wtl  fWjtlrogeft?* 
(R4!«rafJ|e*-WH'liy'^' ■■■■■'  ".,"r    wJ-   ^rint.vr.Mi    owl   ^d 
]^  jHl*ffla?^Jnafifti^!rynega|tiyfi;,tpA>itS9gertK87)';-l8«aoJa 
in  this  state  the  electro-motive  fp^  iYi<w4  Wi^<tnkt£iepkMiti^" 
to  tteiiiA»««iH¥■%l;t^t^id^Wq^^citi^V,^l|fllifS?«1*^^^  '* 

ing  upon  IJjtelfeii*'^litS''ffitptigh.  ^fej,Tii;fl  Aiia^  ipredw^''^" 
arraj^flHlqEll'»*UMlWH'WM^:'teiffefieq'ie(i.,ift  tlW'^fig«ra-h'iptSelB'1 
usuiditlo^io^gUd'f^yM^'signB':  In  thisi(t»teJbcrflaridbe  c^jl^"^ 
theplatina  presented  to  the  hjd|ipg^n  ie  ^jiof il^mi  itq  it,  ^md  ^ 
the  tJedtBOrttfWft^'fbt'iF'SWlTointiie  hy^lFpgps  to  tJM(ipbilia*.fl  X"^ 
No\(^-ithistBtiiH^;ittlfti¥  ly  <iuite  as  i)*,C(espajlj.ip  Che  intei^osedimBl 
pUtipBTtate-at  ih'Hil(J'feM3>rate;  iio^only^,Vritig  ttS  piirtfclfe  Jan* 
of  w»»6fc.ii«oittlti  kfelt^yistic  ocdqr  j^esffiibeftMi  ithinfigaw]  "'^ 
buta4st(ltoiiiBMt^%afe'<att'6nt'tpjake!|bp|fl9[mrlitoeidioq;9it3'ii^ 
heiDg^BtsesOii^jtS'ihr'pHid'uction'  q(  ej^ep^^vf^tifijeffdi^ts  ^'tibV'  ^". 
secondoadbty^its^biUfl' enter  tbif  cell,/!¥j«i%dh46»tis»s9u*idJ  o' 
fece  <tf}*bfi|*ktihft'  (^f^^-'  I  'But., (be  ,ijvP^f!^«%'*oi*e^=^"i'^''f.  *1 
connetitsri'bilfti  {ana  "Jilatiija  plates  cftn  ^f^^tcdoK'eK&i  fti^  ["* 
thei^(t^os«d*]fitiiiaplali3,flirougVAp,nft^i|«5»art'to^  °"f 

trolytfccs  rMKfc^tn^e'  fintps;,'t|iu3.  cPBWipt^JI^«iival^WaI^9  ^5' 
contrabtl«iaei«Sti».'ra^rretOreeoi  theif^t^iMeitfee hjiu'^aar'^  ^"^ 
and  giiifa^ne^tlve'iumceilfb,  li  iipoo  tli«;9iw&ate«defo*ttteil'>^'! 
plate  (,*.tliat"w4li4H^i^^ri*&7i  iiij^ef  the,ip4iJfMiwmiadHft^  '"°'^ 


of  the(hyd(<^ebiP'nTBW'|oIat;9rra»geij^til^,iha  interj^*'^n°-^'' 
plate,  as  ki»s9W^SftHtgd;li'^;^,figure,  \¥hich'i8^e?^i*»ii;fe.fi  ''^■'' 
electrcd^tidtiifti»«|'(!ffieJ'"ft'ir,'  intact,  takpplaoelmHis^.ih^se'^, 


circun^ai^sl^bsk^K^  'currei^  ^f^"**.  ijii9:5nriei|*6tfe('i'  9''' 
coRcerbedt;te^«^^^'fit%p^.    The  latter  part  of  the  para- 
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the  electrtiaMliWfetW  liS'iiii    „^ 


re^erjeat^ftetiftniofiaditf  for 


l9  ^.l((um[  o/Iovabfii! 


;^^j4,-,ver*,  abbitv  f**'''^ 


^fl;  JltM'BIF  t"""!^"    P'Oll"»    l'"*'f=?J|    A^blrn^Hl"™*'  OMTOIW*  -JWW- — 

dup^,»,t:D7i^t4^br<ih'liibaMiA^Ei8  an  iQterpo{^^tiiHuplRt6'/i 

an^i«ffoottbeyiii«!t«"Hlttoli?8ftfateTW 

loiuv.) :  .-.  ■''■'^;.'-'V'?r^^^''  -■'■■■  •■'  ^  '■■''•^'  ^-^ ■'^'^'■^ ■'''^ "^ 

in%s*aG>firidi»l7'-*il^fftfet'-^'uall)f'jnade;  thA^^tMeieuifrefitsb 
obs«^9d.ut>t^0id^t'^tpl^en(s;  (R^seBrch^a  l&l!^)!>ttHKi^''''i 
hay;4jpro(ieiedeit''fi^dfH'&^Vtim  aitat^g^meatiiv  <;all.ly  tigulSO/" 
an4ft  .lawreot!  thftAlg&fflfe'^oflBer  |iarta  of  the«irGuilti  tJondiicted'i^ 
upcgiUhe  88Bia'4H'iflcfi^l#W6Si]nn]o^elecitricity„tUO)u-,    '•■■    'J'*''* 

i^^.!\  "IMs  ihKe'^^^Ufptatiiia  plates  weipia4w.«^cS(td^^) 
by  two  iaterveoiDe  plates.    ,  In  thisKcaae,l)j^,^(nax^t  yisia^ 
6toW.»^;<Hc«t«bK4;TO}4:)''-'-' y^l  ^  .,di  sifiiaairii  nt 

■■fiFoHJt.paAfeiof-iSfld  ttM'^atina  blate^  wpijeftlsotisMiftfatiU*'  o' 
by  ti(m»0M«pa8^ytt^'«-^lfel^^-*'VCffRie^^ci[^e^>iaf&E»  «"*!"  S"' 

plat9ftj»atre^-» -ftebfe  ftiitfetit^'irfitli'  <3£CQik)Mii}flBioitaot}ib!u?.rj 
cell(|o^|Ba««aiohefrl016.)""    :';\'\mi  ol  b-'ln'-^->"l  Jiei^'lT^-^' 
Thfite  .experimetttB  hmy,  perhaps, '"        '  '  '  >  ff^* 

by  piatin^it^beab  in  ft  p6ltit'bf  rieij  i  wo'A 

fam^WriaiMi:    Ai  'littfe  eonsMeriti  i'ell 

that  ii\-AiUi{  fi^i  §1  i' 'U-h.  pifttina-*  iw  \o 

will  feTO^&nlyi  &  oeiitiriufftiofl  of  it  i ,  b  iud 

wire^e;  pueBMitiiddStht  eiectrblj'ti  guisd 

be  r^riffvod  ^sUout  laftfetfihg  the  ■  noasa 

in  thi^ijeMoUwillt*  W^liJpleMd  ■  "by  iueamtivF^i^pfirni(f'?*»cu>  ^^^ 
platii^iplWej'tiirAighiS&d'itleditim  of'the,elec(y(j^(ii>ito)ifcnno3 
will  l«  Jffeoise^'tWsbte*  thirig  if  w?  break  ,th^i«fevteo4iB,iu  sAi 
and  ia§tf«d'df  tioi»^rtid% '^e  c"      "   ■"       '    ''  "        *v>>it 

the  e}flctrtJytBji»-sftUl*,'^tMpI(  IftiJaoa 

the  wi|^^ibtdeokll)ab«'4fri«ti^t'It^  b:^  baa 

electr^^iWlivMifJWdthit^tii  ^  elBlq 

firomiBlitsltlk'waa'a^c^t^.    Tl  barlHo 

Tespet^oii^feMDt  miipribeSj^Sti  e  ,»^^>ll 

weU  a«qatuuteft;  ift^lricb  we  eoiiDecta,piAtw#>WH^flrsi!tiU|tpi:^9^^ 
end  zi9;e}^late,iWds>6iniflflr  wire  w!tli.'tj^e  ^itft  gti'li^^^lbit^r^"'^'^'^ 
■    the  int^rpMed'idatei  l^ing  i'emoTe^  ftpd  th^pof^f^^^Mlfc^^onori 
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the  wires  connected  throagh  the  medium  of  an  electrolyte  in 
the  experimental  cell.  In  the  experiments  with  three,  four, 
and  five  pairs  of  zinc  and  platina  plates,  and  two  intervening 
platina  plates ;  the  experiments  would  be  the  same  in  principle 
if  we  were  to  remove  the  interposed  plates,  break  the  wire 
A  B  at  the  points  A  and  B,  and  complete  the  circuit  by 
interposing,  at  both  these  points,  an  electrolyte  similar  to  that 
in  the  cells  of  the  battery.  It  will  be  observed,  "  that  varia- 
tion in  the  size  of  the  electrodes  causes  no  variation  in  the 
chemical  action."     (Researches  722.) 

156.  When  a  zinc  plate  was  substituted  for  the  interposed 
platina  plate  in  fig.  80,  there  was  as  powerful  a  current, 
apparently,  as  if  the  interposed  zinc  plate  was  away."  (Re- 
searches 1027.) 

In  this  experiment,  zinc  being  positive  to  hydrogen  (86), 
the  electro-motive  force  of  the  interposed  plate  was  from  the 
hydrogen  to  the  zinc  and  from  the  zinc  to  the  oxygen,  in 
concurrence  with  the  direction  of  the  current;  it  must,  there- 
fore,, have  had  a  tendency  to  increase  its  force,  rather  than  to 
obstruct  it.  When  the  experiment  was  varied,  by  interposing 
two  and  three  zinc  plates,  the  electric  current  passed  as  freely 
as  if  there  had  been  no  such  plates  in  the  way.  (Researches 
1029.) 

157.  "The  efiects  of  retardation  were  altered  altogether 
when  changes  were  made  in  the  nature  of  the  liquid  used 
between  the  plates,  either  in  what  may  be  called  the  exciting 
or  the  retarding  cells.  Thus,  retaining  the  exciting  force 
the  same,  by  stul  using  pure  dilute  sulphuric  acid  for  that 
purpose,  if  a  little  nitric  aqjd  were  added  to  the  liquid  in  die 
retarding  cells,  then  the  transmission  of  the  current  was  very 
much  facilitated.  For  instance^  in  the  experiment  with  one 
pair  of  exciting  plates  and  one  intervening  plate  (152),  fig.  ^ 
when  a  few  drops  of  nitric  acid  were  added  to  the  content^  of 
cell  2,  then  the  current  of  electricity  passed  with  considera^lk 
strength,  and  the  same  good  effect  was  produced  by  the  i^tric 
acid  when  many  interposed  plates  were  used."     (Re^search^ 

1030.)         .       ...  .  .  u .  ■  <:  1 

"  When  a  little  nitric  acid  was  put  into  the  excitipg  cells, 
liien  again  the  circumstances  favouring  the  transmission,  of 
the  current  were  strengthened,  for  the  intensity  of  the  oUn^t 
itself  was  increased  by  the  addition.  When,  therefore,-  a litfle 
nitric  acid  was  added  to  both  the  exciting  and  the  retarding 
cells,  the  current  of  electricity  passed  with  very  considerable 
freedom.     (Researches  1022.) 


(  To  be  concluded  in  our  next.) 


in 
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LXX.     The  London  Electrical  Society. 

Tuesday,  January  \5th,  A  paper  on  Voltaic  Decomposi- 
tions was  read  by  G.  Mackrell  Esq.  This  paper  is  given 
entire  at  page  495. 

Tuesday^  February  5th,  A  paper  was  read  by  C.  V.  Walker 
Esq.  describing  a  series  of  experiments  on  the  decomposing 
power  of  a  voltaic  battery  belonging  to  T.  Mason,  Esq.     The 
experiments  were  made  at  Mr.  Mason's  house  and  the  battery 
arrangements  were  entirely  his  own.     Ninety- nine  porcelain 
jars,  each  famished  with  a  copper  and  zinc  cylinder,  and  fitted 
up  in  a  similar  manner  to  those  used  in  the  previous  experi- 
ments made  at  the  house  of  J.  P.  Gassiot,  Esq.  and  described 
at  page  420  of  this  volume,  were  arranged  in  nine  groups  iu 
series  of  eleven  jars  in  each  group.  The  groups  were  first  tried 
separately  in  order  to  ascertain  the  mean  power  of  each ;  and 
afterwards  they  were  combined  laterally,  commencing  with 
two  groups,  and  after  ascertaining  their  united  power  pro- 
ceeding with  three  groups,  and  so  on,  adding  another  group  to 
every  preceding  combination,  until  the  whole  of  the  groups 
were  brought  into  play  in  eight  distinct  combinations,  each  of 
which  had  all  its  positive  poles  in  connexion  with  one  of  the 
metals  of  the  gasometer,  and  all  its  negative  poles  in  connexion 
with  the  other;  the  series,  of  course^  in  all  cases  being  eleven 
pairs.     If  now  we  represent  the  number  of  groups  in  each  com- 
bination by  the  digits  2, 3, 4, 5,  6,  7, 8, 9,  and  the  Quantity  of 
gas  liberated  in  one  second  of  time,  by  each  individual  group 
by  g,  then  the  gas  liberated  by  each  combination  of  groups 
would  be  2gy  3g,  4^,  5g,  6g,  "Ig^Sg,  9g,  respectively,  or  the 
quantity  of  gas  liberated  in  these  experiments  was  exactly 
proportional  to  the  quantity  of  metallic  surface  in  the  battery, 
when  the  time  is  constant,  a  result  never  before  verified  ex- 
perimentally.    And  what  was  still  more  interesting,  similar 
results  were  obtained  with  two  gasometers  whose  platinum 
terminals  exposed  very  different  extents  of  surface  to  the  acid- 
ulated water  in  the  instruments,  only  one  of  those  instruments 
being  used  in  each  series  of  experiments;  for  although  the 
larger  platinum  terminals  liberated  more  gas  than  the  small 
ones,  the  quantities  liberated  by  each  gasometer  were  propor- 
tional to  the  voltaic  surfaces  employed.     The  batteries  were 
brought  into  play  at  3  o'clock  in  the  afternoon  of  the  26th 
Dec,  1838,  and  were  kept  in  action  till  3  o'clock  the  following 
morning.'*     The  experiments  were  conducted  by  Mr.  Mason, 

*  From  these  tesfults  it  would  appear  fhat  a  series  ofekven  pairs 
of  this  kind  is  very  near  the  proper  unit  of  battery  intensity  for  lAAs 
class  of  decompositions.     Edit. 


S64  nh'^ij^ifdai'^Bl^^i^i^'t^'Sd^^y 

gveritffcii^/  "'Wh^ft^'tW^olkr' wires  Srtre  fdMa^  4H8 
charcoal  points  or  not,  thf^^cte'  tf  tlx^'tatte^y  wdnM'rifcRfS(Mk« 
lh^ol%K  the  tti^^stte^i^^  ti^'ehti^V^'flrimeof  conSMer- 
aftte  length  CD^M^l^k^j^^tt'^WWy'^faffiet^ih'ie  tbef  pomt^TM9 
fe^derf  iii  dose  <»tttiElct'iifad4eWi*^^sWw?ji^'ftdm  bii^  ahotSef^l 
Read  also  an  extract  frorii-^^  4e«e^  f¥<)fti  Wi  L.  Wkai^tt^ 
E95.,  deiscribihg  sonie  iittg^lfe¥fe«fe«t^tf  tt  ^Hi^det  storm. ^ 
<^J  Vk^^ddif,  February  \^h,  ^'^R^  tttl^  feti^tfct  <rf  a  i^'f 
Adrtt  '9i  Sftitio,  Esq  ,  dated'^^tilfefttti' Dtebifehiber  31,'  1*3», 
feddi^ssed  to  Walter  Hawkiti&i  E^:*''^e!:Ci5rinnotuii  1Hi<^ 
ftf^nw  is  found  in  the  rivers  6f8i4i'itittm,'lHit't'he  writer  mm 
that  it'  is  very  difficult  to  selecf  tie  trtrtj  froM  the  fa%dW» 
Iftccotfnfs  of  the  habits  of  this  creatafe^'^M  feigenerftllyfotffia 
ftl  shallow  rivulets  of  fresh  watei»^tfe^iA^a  rockv  mAi^ 
*Hdl'totil;'arid  ptind^ally  in  thosle'  ^iftlti'^hiefc  are  sfeid(^*J 
Mifi^i^feS';?  '  Mr!  Sfeitrio  dest^ibea  the'lkfihk'iW  whieh  tfc*'^^ 
^^e^^i  fettft' ^dtfeg ''that toe»'\rfilK^  l!h^'  wMA'  ikfiWi 
'^mmz^i  rti*  oif>p*tlmity  t6fdr^fei^>ti^the^'ESictricd^ 
Wl^^Wfi  ^^k'Sketf^ftiid  destroyed' b^^Wattei''  rat^^^^^^A 
b«i!^^Ii^  ^tlt^Md^'itiust  be  inseiisiblcf'^  the  elee«ri<^«Mt 
of  the  gymnotus.  although  horses  can  be  paralyzed  byiS^^.^ 
<  ^  •A^fo'^Wfti^  mi  Biy^Mie;I^>Uock/dnftfcfe^dC(bu3rt«ne;^Wthe 
»teikfegTdite38^id^  iti%Jeti^  tot=vblta,*(i  eleetHC*t^.  i^* 

^^ '  M^j-PcaidfcW^  fe{ftid(fe**-  btt«  of  the  'ttibi^'  feomittoi''  ^>ttifc 
^y^c^kAik  m.i^S^m t^^xkl^^f^  a^idtl'df  «heeleei!rS^  tiiiaefc^ 
te^ie^l^dddbtteif  W  tk^'tfepM*  liptopreseitita^lsinhf  iodyj  sl«A 
^il^MmM^^'iSi^^^ 'hand,  to  tlie  eohd^i^tbt ^^J tt^^ltiiff^^*^ 
ii^ldMd'iliiii^^bdf  &at'b^c«^lftindi^^  tMi'h^t^^^kisd 
ia§^^«t»IM]$f  dlii^tl^;  sparks  aldd  6(c!^«L^linf^Mf)l|$@D^e8Wl^ 
s^«tei««*et«^ttricl*y^  §ttd  ilhaffbefeti-i^]^'ViifeifMy^^{^«^ 
i|h«i^11bF>(|Mi6^'reilpect  there  exist^^^^^SireW^^^^fte^m 
1G^@tls^)>  %«t''i<i^6nt  i)iVestigatira^/'m«(^''^iVh  >'fd(«ltofibi^ 
%l^midn'i^  H(5etir^cy,  thmw  eMskte»«d^«  d^M«^Q  fibb 

l^i]^lUSl6ni  ^ilb^i^g  -t^ittt  has  -beiiti'  t^ii^Ma^l^MiKdeaoifliqo 

3^^ItliMli^4^ii'^d#ft'0ii^bringin^  th&  i^<>  4«^iiidli\^sn<ii^ 
ii^Ii»i^l^{ftt^]<3^W^tieiir{  #sRdt  oth^Mt^dfae^^ik^&4)«t«itam 
i^i[ei^4iis  ^^d4i^t»4ll  ^  to  %^'^cm<!iA^^6^imsloA»^^tA 
i^^k  ^ss&  ^m\i\stti^i^  th:teiaii^um^ai^eW  t$bttipl«^as  \i^iiiA% 

<Qaiplll^h^kti^b^^atf«|nis^ioii  ctf  'th«i  ip|;rM  ^yl««it  to^flif- 

^^sMe^^^^hSontl  itfiddtedidistift^e^iLi  b^t^e^ntUeie  ^ 

^ktoi4iip^I«dtttel«(y  'W^k^t^in/a^-^  .^t>ii  i^q  lis  oj  (jjjb  aid  snof) 


e 


pe?o9B^  from, D^ft,ki^,,|pj, aB¥#?fo tBi^S^, Wflwn^ ta^i^ 

Tlji^.oQpReif.fWfl^  IPic)tfeis^H>CTffWt,  ,fe«;BafidiiP}w.#i4e  ^» 
y4^c,,p*ir,:^AsJi»M)»nc  1^>  other,  bten^g  ^t*^J^«Bf  to 
j^tjotlier  byiP5^?^«l  w^gjj^RfJbpjQ^d.in  a  por.ceJ^iii  Wtf^j^ 
IbHWtUiq^.of  id»y.,^ftwe^:4heyqi^,  (  A  solutiou/of  is^^b^fei^ 

S^;q<;i^ye];e4  ti^j^Wit  ^Tt%'^frt¥>i?^  FW  kept  up^  jfor^yi^  ff^t 
BMMY^  i^W^l»%  4uWng  oVi¥^  tipft^;  si^y e?M  «b w  IF W^  ^<^m 

^ftfi^d  wire  \^bi^l;(,s\^ofM4e4,it,f,  Is«sl|^#9ppii^  eS^uiSfi# 
Mr.  ,^wg«w  hr)9k^,%Hj^}Ym^}f^^^ii^^m^ 

ftliftfttfefti^WfP^ipWiW^b^gO-  i   Tb(Bi^galY*§RH2^^W)|ftffll«S5^a»h 
opinioxbfe»WlfijE(|JI3§ap$«*iBg9Mr>.  F^fsi 

(MJdaioBmt&d^aitf  t^cl^k^il&li^t$l»»n  Il9d9fin«i<^4e^^ 
done  his  duty  to  all  parties,  aildMikr^  ^l^i§i^^t|c^]A^if 
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the  Tesult  of  this  exceedingly  tedious*  experinieiit,  !t^'be 
andertaken  by  some  other  person.  J.  P^  QasgJot, '  l^sq., 
Treasurer  to  the  Society,  took  two  fragriii^nts,  bue  of  trlfe^gfl- 
vanized  and  the  other  of  the  utigalvanixea  ore,  ^ffich  llife  ri^s 
pat  into  the  hands  of  an  eminent  chemist  for  analysis!  The 
clay  partition  was  not  laminated.*  '  - "  ' 


:=;=3= 


LXXI.     MISCELLANEOUS  ARTICLES. 

Mr.  Harris!* i  Unit  Jar  is  repr«seht^'l)jr%:  7,  Plate  Xllf. 
It  is  fiNrmed  of  a  small  inverted  Leyden  jar,  supported  and 
insalated  by  a  slender  glass  rod,  covidred  wilh  lac  varnish,  and 
fixed  into  a  wooden  sole  as  seen  in  the  figure.  The  in^r 
coating  of  the  jar  is  in  metallic  <sontact  with  a  brass  ball  and 
wire  dy  and  a,  which  wire  communicates  with  a  prime  con- 
ductor. Another  ball,  above  the  former,  is  in  contact  with 
the  outer  coating  of  the  jar  by  means  of  a  metallic  frame  and 
sliding  wire.  The  brass  ball  g,  and  wire  6,  are  also  in  con- 
nexion with  the  outer  coating.  If  the  wire  6,  be  connected 
with  the  ground  whilst  the  machine  is  in  motion,  the  jsu*  is 
charged  in  the  usual  manner  and  is  discharged  between  the 
ball  rf,  and  the  one  above  it :  and  in, this  way  a  succession  pf 
sparks  may  be  produced  by  equal  quantities  of  the  electric 
fluid.  The  uge  of  this  instrument  is  tp  charge  other  jars 
with  known  proportions  of  the  electric  matter,  which  is  Sof^t 
by  placing  the  wire  6,  in  connexion  with  the  inside  of  the 
other  jar  or  ja^rs  until  a  certain  number  of  sparks  have  been 
discharged  between  the  inside  and  outside  of  the  unit  jar, 
and  so  on  to  the  inside  of  the  charging  jars  on  the  ta^ble.  ^\ 


J   LI  J 


To  the  Editor  of  the  Annals  of  Blectricitjfi  '^^L  ^j 

Dundaniany  Cdrk^  No^i  '6;  *fe38t 

The  Annals  of  Electricity  puWish^e*  fey'j^cu  MaW^iS^j 
directed  my  attention  to  that  very  interesting  8ubjd(5fi.  ^A^H^e 
that  the  success  of  many  experiments  depends  upon  thl^ifir 
tensity  and  permanency  of  magnetism  that  can  be  given  to 


action 

ders;  "Bat  as  1  find' that  the  experiment  will  be  exceedingly  ti^^^s, 
and  rtedtiffe  attention  and  time  which  I  cannot  well  spare^  l.ajn  not 
certfeinthfftrsHaireOhtinueit.    W.  8:  '  '     '   "  "^ 
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steel  magnets,  I  had  10  of  equal  size  from  Ibe  same  bar  of  cast 
ste^Iforined  and  numbered  from  I  to  10.  No.  1,2, 3,4,5>6>:7, 

'  ctnd'  ^y  t  made  as  bard  as  possible>  9  wd  10  1  left  as  tbe^  eaiJn^ 
troip  tbe  forge  ;  all  were  tben  grpijLDid  and  polished ;  1  leiod  2 

'  1  ^eft  perfectly  bard ;  3,  4,  ^  and  ,6^  I  tepapered  down  to  dif- 
ferent shades ;  7  and  8  I  laid  across^ ,  a  bar  of  red  hot  iron 
until  the  blue  shade  appeared  in  the  centre,  they  were  then 
removed  and  allowed  to  cool  gradually  and  when  cooling  they 
were  touched  with  s^  pow^rftil  jnfignet.  All  were  touched  with 
the  same  magnet,  then  tried,  No.  7  and  8  raised  20  per  cent 
more  than  those  redueed  toa  <>berry  red,  and  42  per  cent  more 
than  No.   1  and  2,  dnd  No.  7  was  somewhat  more  powerful 

.  than  No.  8  which  I  attribute  to  its  having  been  touched  while 
in  a  warmer  state. 

I  have  the  honour  to  be. 

Your  most  obedient  servant, 

R.  NEWENHAM. 


The  experienced  electrician  knows  well  that  if  he  requires 
a  long  spark  from  the  prime  conductor  ot  ^  machine  he  must 
..  commence  by  taking  short  ones,  and  gmdually  lengthen  them 
'to  their  maximum.     A  corresponding  ^acti^foui^d  in  the 
action  of  a  voltaic  battery.     No  appreoi^-lble  s,triking  distance 
'  is  ^passed  through  by  a  series  of  300  pairs„i^til  the  polar  wires 
'bave  first  been  in  contact ;  this  done,  bowever;,  the  fluid  may 
be  ^ade  to  pass  through  a  considerable  space  by  withdrawing 
the  wires  gradually  from  one  another.     In  b.otb  cases  the  short 
sparks  prepare  the  way  for  the  longer  ones,  probably  by  an 
attenuation  of  the  air,  or  by  a  stream  of  infinitely  small  me- 
tallic particles  which  are  carried  between  the  wires  :  probably 
on  bpth  these  accounts.     If  the  polar  wires  of  a  voltaic  battery 
be  placed  at  a  small  distance  from  one  another,  and  a  Leyden 
jar/bfB  ^sobarged  through  the  intervening  space,  the  voltaic 
discharge  also  takes  place,  and  continues  as  if  the  wires  had 
^p^tioi^ly  touched  one' another.     This  last  fact  we  believe  is 
r.^eito  Sir  John  Herschel,  who  produced  it  a  few  days  ago. 


»j  ifs 


*  '*  *^l  have  just  learned  that  Professor  Jacobi  is  ocitipying 

*  himself  with  a  discovery  which  may,  if  in  the  end  successful, 
■'brove  of  far  more  use  than  Daguerre*s.     He  pbs^y;yed  that 

the  copper  deposited  by  galvanic  action  on  bis  platen  qfcc^per 
could,  by  certain  precautions,  be  removed  from  those  plates  in 
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perfect  sheets  which  ]^e^en^/&cl  ip  reI|^^]»ost  acciurately  eveT| 
accidental  indentation  dn  the  original  'juate.  Following  v^ 
this  remark,  he  employed  an  ^engrayed  copper  plate  for  hii 
battery,  caused  the  deposit  to  be  formed  on  it.  removed  it  b; 
some\Afi0^iiB  *r  AtlAr>h4f(Mnd  tKaitke  ^x^fkvkigVks  fritted 
thereon  in  relief.  Qike.  a  wood  «ttt)^atid  sh^raeixough  to  prist 
from.  Whethet  A  Tq>^n(ni  t>f^  tn^  procdi^  froid  this  galvaa- 
ically  formed  block  will  {iim^,  in  its  turn,  a  copper  plate 
from  which  impressions  can  be  thrown  off  is  not  yet  esta- 
Wished,*?  •     ;:v    !    «n  .»rf  p  vf«7-7  ^^    ur/l'^  <:.'- '} 

JULt AN  GUGGS WORTH. 

Wormwood  Scrubs,  »  \  'v  <v  v 

Feb.  5,  1839.  ••  .  v  v  A  vv 


t    • 


Tq  the  Editor  of  the  Anfiiiis^  ^f  EleeirifUj^  4v^  .  * :. 

Manchestefj  September  t7 ,  1838. 
Dear  Sir,    •  ../.>.   ux-  i.;/>  ^^ 

I  have  often  during  thunder  ^toro^s,  noticed  that  the  flashes 
of  lightning  do  not  always  appear'm6tnentary,  but  frequently 

at  an;mJtpi^l  pf  abaut. |''  of  time,  .j    ^t.  s^      ^^  ^  ^         ->. 

Ana  indeed,  this  fact  cannot  haye  escaped  the  obseryation 
of  anf  ati^ntiftsftpelfsoii,  who  has  m^n  the  light^ixi^  of  d  iiB- 
tarit  ^Btotfti  ^«  ni^ht;  then,  the  flame  of  light  is  in  g^neiai 
seett  te^sbiiie  bristly ^  at  first>  then  pat^ly  to^.|iW8y^.£aiiil 
at  last  to  end  with  abo^t.the  sname  luatre  with  which  it  began; 
the  whole  scene  taking  up  in  some  cases'a  length  of  time  so 
palp£Mei«B  !imiie^Q«td  <  In  this  casei,  the  li^blBi(ig^.hfti(  Ibst 
so'inii^  of  its  ^a8»liilg  hiiUkmdy,  thstJb  the  •  evid«&^<i^<9Qlil 
tifenisa^marf  safely  be. trusted.  -  ,•"'>{  Jjiot^j  ^tsv 

Foil  rio jTT  awn> .  part  •  I  feel  quite  uHabLe  ^^0(  filmteh  m^  llffih 
tiiesisAiiall  eal(^atedto  acocmntfar  %be  s^cfyerfibenQRimiMt 
I  |>re8eiitlit?|lierefore  to  you  and  your  matiy  iHcistif^)fY9a4f'fl) 
^.eKpiwatioii^.  ■•■   t'(^-[ ,h-.' ''-.<    fi', {)<•>. (mMo 

T  f   ;  -.    '   J  •  lam,  deiir.sin^.  i'v.  oili  rfjiw 

'■-..'.)/•—  :Your- obedimM  seim«IBiI) 

:-  • -.»   i.     ..'j    »)   .     >■'  ■        /  ■;,.*    j;iw  ffolilw 

.   ■  >  ..."    i   /  <   }.'     \-  '■ '  •.•.••;   I'-'jqo') 

■  J  V'  J    f  ^ij    i(  n !  •♦•.-    -  «■  '        .     ".  '      :    '  /     :  !  vnq 


iJ-Mry^  7l.^ji^T,-v>ife  ^^'j^^.'^'%  'A'i^ii&''^¥'^  rfo;*'*./  ?'••-'=  ♦-.  •  V:eq 

.'-.  /v'jT  <:rft 

>lipAtiU  'ni-)*-^  Mi4^,  .,:;>!  4ni-^u^mmf:pTh  X  i  ^  •  '^^     .."^^i'l 

APRIL,  1839.        '  '    ;'',^' :    'r^r'^ 


LXXII.  Upon  Telegrapbie  communication^  especially  by 
means  of  Cralvanism.  By  Dr.  Steinheil,  Professor  of 
Mathelmtak^mkdl^Stftfkiii^Mlo^pkyy 

(  Continued  from  page  A52.J    -  i^-"  - «  ^  * 


DfiiMpiion^d'^^^^ms'  ^fkkkni&^^id-^galmnib  UU^t^I^ 
.  erecte4  be^wpen  Munich\hHd^Bog^hEusmJ^mm7F^  '^ 

oa  OAid  10  /iti;f»'jl  ij  I.  ..  .,    .,.      ■•  iiP'j.,  ;4i:i/<%j  'siLo'jes  ^i.-•l{y/  ca.* 
jgc^ygisi^riealkj^icoiiiiectiisig^  imlireilnaji^'bcoleokfid  <imL;W({l£Q[ 
Itllee^nqp^ng^  the jcitoait  af >  a  ^rbllaSo  beitt&iiy  -cntikKied  ito  \a^ 
very  ffreat  length.     What  applies  tiO'tli&>d»i^'«lu)l(^igaiadD9i 
t^^hpr^  xlWitii^  ^sptlk !  tbickxtieKSea^^fT  th0>ipain0>  n|e^>  the 
tm9l^nm^rfeA4(B  tU^  ^Mti^age  of  the  gdlvdnicIIoLtiseut^ik 
pr%|«»tiokilEiMdi'^<{dengd&  of  the  wire.     With.^e^u^itoa^ii 
of  the  same  metal,  however,  the  resistance  dimiuashfiauififipni^ 
with  the  sectiott  ;^idit  the^Gbnducting  power  of  metals  is  very 
difl%ilP#fif  ^^  14iid<Mrdtti|pic^Fechner,  copper  conducts  six  times 
bettev%ian  iron,  and  four  times  better  than  brass.     The  con- 
ducting power  of  lead  is  even  lower,  so  that  the  only  metals 
which  can  well  vie  with  each  other  in  their  technical  use  are 
copper  and  iron.      But  now  though  iron  is  about  six  times  as 
cheap  as  copper  it  will  be  requisite  to  give  the  ircfti  wire  six 
times  the  weight  of  a  copper  one  to  gain  the  same  conducting 
power  with  equal  lengths.     We  thus  see  that  as  far  as  the 

Vol.  III.— No.  18,  .4pn7,  1839.  2F 


no    Dr.  Stenjkeiy^  ftj9^  "(Fel^^laic  yfiomm^^alion , 

i>oterlh^]to«t<bft>]flwmpyhte4ib9f)  «silWl^fiQ^i^r;2i^^^iq(k£ 

niMiaitar ip£ the grii^iyiilicis]:!^! v^er^i ih^ >t^gf!BLff^i^  m.^ 
i«l inSkient  id  ^pfftaer^efthf^iiiQ^jirpmiru^l^^  rip^cb  at  Jiei^tj' 
obseiryed  tolpe.UuJTCWietmtl^jiii^ vir^ipior^    pf  the  wir^  ^f 

»dllwcatkeref<^n^r^y«(,tw§lirejwrtb.Y.b  i"  .,  j 

h  J£  the  galvftwiQ  cuilmilt^/  i*^  tijotr^iftrft^  fthj^  i^fttire  mie^pift 

oiroait!iirkho«t.any  diimiiiaU<>nt  §fii«^ei$v^ity/.the  wire  djirin^ 
itftiwhpl^  CQiixHh  must  not  bi$:  itite^iiji  ioi  >  qfxa^e .  i^t9  cont^ 
nitb  li^elff  I  neither  «bouJd  iti&]e  ipL&^q^pjb\cpu^af^(  with  ^q^j^j 
flotOiifitara^  jnogmuch  a»  a  portipocpf  j^i?  i  fW^er  p^W  .in^Si 
Mtfmti^fl.  ito  iKHirthe.  by  .th<i(9bf!irt¥)s^)  )9v^$ffr^  ip.  'ipooi^ieq^^Q^ 
tWeci  wihereby  tbe  aremotfsfi  patteiM^^^pifi?^  pf  ^  pc^ R?i^. 
of  the  power.  "^  ,-,{..  .  <i'  .•' "a  ^rn  iiu;'r;i  ;ni  <^  :,.  ^.  ,  ...jk^?. 
nNiiBEnroafitJari^  W  lidMlkkfk  «tf<p8offi^^5<;oii4uQt.,t)5pm 
baU(N!<flKi  aluj>fe[ee'^jtbe;p(?«»i  tovfti^^ 

bad«iHjdupto|fflui(.dtod;^^  wir^  ipfiV^y  gjreat.jjei[^gjt|^ 

ii^e'm/dmxiiaiC(vtmct}  iwitb  ib^  ^(M^aU^  itxsalatoi'  is  i^CjimT^ 
nir6bly  ^ge>'^wfafiQioo9kpare4  with  the  3ectioa4>f  the  w^t^gp^ 
cnindaBteily'tdieire  nm»mm\j  ^xws  a.  gradual  (iipaf^utio^oi^.tlbi^^ 
far(}e9JiiB8Hid^Iiie£ttibbe;Ottt;and  the  hptlie  wk^,  altbougjii  h 
Aghtil^yujBibdojcsdm^im^  Itwpii 

bcf  i^Boagr  Aqitlmift'ittet  tbi<t  diffijuulty  wquW  b^^gpt/  over  by 
plaeao^itfae odt  tmd fik^  home  wjure  yei?  far^aparLT  ; The [,^^^ 
(kope  bftti^ee^  'tiiminl  hi  fl«  we  shall  s^e  in  th^  ^equ^f  ,^}j^(i;^ 
sinatfeBi  tdS^  dikcllijflfer^iiQe.  And  afi  we  ;»ball  aies^ef  .s^^qj^  j 
llq?jai^^dfani¥3:]iiof>nductor9  that  aresiiffioieptl;^il)fiu).ftt^.pe][^t 
1iMiatHibce{|>if'tb&^groUnd  which  is  c^lwayfi  4^n^P^  l|i^^  i^  W^> 
daerptisdrfCQ^Ds^ opeo  tons, nam^ly>.l^ftdi^g ttl^ w^^ 4^^^)i)^ 
tb^  air^  flUipDu  this  fplan,  it  i&  teu6y.4be.(*W!^fftw  :flafi§h^ 
itap99ite'd)&tiift  t^me^ to. time;  it  isJiaMejIo.^aifljui;^;^!^ 
evil  disposed^  and  is  apt  to  suffer  from  viio]ifii)^i^tQin^,/9ir,&(pm) 
ice  which  forms  upon  it.  As  we  however  have  no  other  metliod 
tb9$..l|ifp,,(5ai^,j^v9,U  ou^cpelyes  of  we  must  endeavour  b^stijitable 
aj^ajig^^ei^  0gei  thb  better  of  these>  not  ihimatetial^  {t^uitsL 
ii>^  th^  beatjW^^  W^  €ian.       -  '    t'\''\-!l 

,  (  The  jctojidUiJ t iag^jhain  of  the  telegrarfi  erected  bpre,  consist  9, 
<if<thfateti^art(9.*t  01^  leads  from  the^RoyiaJi  4^^eix^/tp.  ,t^^ 
Royal  Observatory,  at  Bogenhausea>  .aBd.bai^k>^aDdthe.totf4 


^ef  ably  aughh^te  ill^1itolil^t«f>^iia/ifaMte^jkw  b^obmesftabk 
16  be  totn  ti!suM€»'WiLi^^fim^yi't>mf>il^ 

upon  tall  poles  forty  li^^fift}Mf(^et^}oligJi  itrhicbi  am  k^fifdife^ 
ihto  the  gtodhd,  ftkkd  ^^tt«f'rto^oli\^J»itii'th6)'wii^iis  finitekied 
fd^n  cross  bar.  'AtHMf4iiAi^  $(4i4t«  lh^'*n|BtaI?yeite«h^seig> 
sfittiplv  h  piece^ffdt'!atd,v<^ty  Wine  i»'imd«i&8tabl;rtwi8tii 
iii]^H:Voand  th^''#o($aW'4^^;i  cffhb  a»tekce  ftbmrpdh»4o  iMto 
fki^es*  between*'940  ^cM  ^SO^i^dC^^qblit  tbis' Ji^  &Viloi)r  ^xi^ioD 
e^Jierience  ba^  sb*oWn^^a«^ifl«)n>v7]res  beiiomg  coolMsiilblm 
ih-etehedby hj^b wi&di%^^)t<^«i»Meii^iiitd^liai;^  ki^aom 
seouence,  had  to  be  taken  up  more  than  once.*  •io/'ikj  oni  1t> 
^'^THe  ddMtidti^^  ^fi-e^%lid6  ittMk^iid  M  bj^LtibaneauJccftn-. 

at'Btigeri^ati^li-^  i^  iiddlili^ofi^dflidckig^^cjiv^Mani^ 

«&j^f(%6e  nvy  garvftMo^'igjA^fa^ri  wbafe^tmi^ 

eHfihff '  4b^  i£sii6]lti^6t^di '/  €rAUs»^  <  (giUittt&oiBfeM'^xiluiva^ia^ 

Si^i^QJgo  to  sbav^  tbat  this^dU]frdnt^gt)i8>0]XiBibre8B^nBf  ^ito 
' it^M  wbi^h't^^^lttlef^upttdAf df  tfad^«ab6ifm 

]^6t '•  i^AitsL^h: ^*  'G^ta^n^  it  isi 8Meife[€M^rf«toi i^€f f)S![e^illd^ ih 
d&Wp:  \WbiBi^' %li^^  ttre  ^heavy ' sh^di»i ioftiiaiiipit;i2flnaa^  bd 
Mtlf-'^d  t^b^'five  tttttesafsrstrongaidMrbeiithe^rbblt^idq 

iiy^^dcm^te^lbii'  df  the'  inductor  <place$.>diri«ntv^)8^oi(^ 
^y  Str^^ti  t^ef^^'koti^'^^i  dtr  comtniittdi'  r  ?Wlflbi(llse»idi8la]^ 
mf/S9&  mmtikkA^tii'^^^dB  of  200  mile%  >  dssigreatefafc[Ml> 
^Hi^^m^t^S^ldb^dfssu^at^d.   In  siioh'HtdgesKiqui^b  gbwMl 

6F*)fe'^ft^tftlKc  dr^^/  •^'   '  -■•.    .^  l  ^  -^  A-y-nor>ih  liyf, 

Ijoflt'Mfn-Ml;.     .     ,,..1-.  .     ,t^      ■  {  .  yiir-tn'i  fi'jiifvrrjoi 

^  i  ff ,  A  if  tJl^se  eviJs  would  be  ffot  oyer  by '  ma^itigf '  fii^  ^'&3tfeifiiir 
By  Sn^asVa  triple  strand  of  meta^,  khd  ntii  ^%  %^mtmvt^i^ 
Dortinff  it  at  intervals  of  3(00  feet,  and  givin&'it  iiliki^kHiimhmkSJ^ 

m'#.?hi¥dbf\<^!mt^ 

2F2 


512     Dr.  Sleinheil,  upon  Telegraphic  communication^ 

When  thunder  storms  occur,  atmospheric  elecbicity  collects 
dn(fllHs'<9eiiii-ios«lat«d)ieh«iu  a»  upon  a  OoSM^toTs/^^ti  tb(^ 
m^g^  of.  fchd  galminioCfUrriaiit  is.noti  at  ,£^U.  9^qta4  .thofeji^y^ff, 
Quite  indoenlly  It  jnad^it^aidiAQQverythat  the  ^ounci.  11(14311  [W 
enij^fed  aeone  hAlfIo(th0  ocomeot^g  ctbaip^  <  ^  Afi.i|i  Ab^icai^ 
df  fftlicrioiial  dedtrieit^,  ( iir^lKi^  mikhfi.gn^wd  im^sr  ;^itbf  tb^i 
gakaidc?  omventdfcrm'icfii  porl>ita-<Qf-  the.C9]|inec},iug,.;^j]1^ 
Owikif  !to  the lofiir  tooduetitlgfiiQ^ar^Cib^s^  lH)diifi$hC^p.a^ 
with  Bietais  it  -is'ilec^saaryuthaitfali'lb^  twoiptaces,NFbe2;eiitb^ 
metal  icandnotoii  iS'  ini  oonftifieixicto^ wMh  tbfi;  ^rnVrCQaducto^)!  itb^ 
fofmer  should  present veryl  lai^e  bwrfi^p(9S  iQf^o^aiQt*.  Taku^ 
watei;,  for  instance,  to  conduct  two  million  times  worse  than 
copper,  a  surface  of  water  prbpbVtititid  to  ihi^  ihust  be  bremght 
hi' bd[n!taot>with>.thfe  copper  t03  cln^blei  tthe  fpfthfuue^cunfentlto 
tte^et  '^th  equal  resistanoe^  in.'dqualidl(ifstaEdde»of' watercind 
df<  kn^t^M.  For  instance,  if  the's^ddan/o^BUsopper  >wire<  \^\&,^ 
of  «'6quare  line  it  will  t^qinF8.'tt](i<^eD>^late,.Qf  skxtyten^ 
^uai%'  f^t  mirface  in  orddr^toqceMidQbljtb^'igatoanie  cuofneal 
through  the  ground,  as  the  wire  in  question  Wmld -condujcit  ki 
Bm  tti^tli^tliidtii«t«i  of  tbo^onfetqliiiaiqiiiteciminpteitial  iai  fiiis 
clll^^/U|iWiU>  4)^aA«my8  wsthini  cornroafrb:  t^.ge([jtfae>irc)q^ 
ifti¥ftG^¥4(rf-*r^nt«M;t(iatindigteai'>e(sp^^  only  da^  it^eib^ 

(hils  k^«i»'>Bi(te  half '  the  (boadnoioagi  wdte/)i]|]iife'W0t  «ai^  ^^ep 
kd^«i<tfc0itir«Bt«n00'of  the  grouDid  bdlow  wiaat  that  ^^^ 
Wii*^  ^^ld')b€^;'iag>haveibeentJiiiUy  established  by  eocperiiafiribl 
Miiide^b^tt^fWithitheicaKpepimentaltelegkBph."  ^-/tufod 

/<  'A^^tk^^portiion'  o£  the  condiietingrchain  ivi^d»  finnnotib^l 
Rd^l  'Ai^^lttyitoltnyi  house  and  obseiYatoiiy  nal  tbi^L^St 
(e^h^l^tfi^sIM  'Th»^«OQductar  is  >o£  ir^ii  nvire>  hsvleogtb^  Ibfor^ 
/"»'■'  J  ":   i;     1* ;.'»  -J      '    .  ,..  ,  .         ■.{...•.       .  ..,  I 

*  An  occufrience  may  be  mentioned' here 'as  a  warriiti^Wr'ftw 
fut^W.  '  During  a  kevere  thunder  storm  on  the*  7th  Sdh^  18^/ ;i 
]^I^W' strong  el^ciHe  sp&fk  darted  at  the  tome  instaftt  li)W)iiig4i  tHl 
tefh'tff'te  eoiiaiTcting  chain,  and  there  was  simuUaiieoualyipro^csdMii 
%hf6^i!ld{catOr^  that  is- fitted  up  in  myreom^  a  .sonadilike  tb^ciie^in^ 
'^^wif/Mpi  At  the  same  time  the  lowgr  jbon^dtWU  pf  the  io^Ho^tOf 
emitted  a  sound  owing  to  the  deflection  of  the  lUeedle,  and  th^.  ^otff 
hrBf^'bothfcird  that  the  points  on  which  the  magnetic  har  play^;  were 
irUWredt,  fl^ie  same  phenomenon  was  observed  also  at  one  of  t^^ 
pti^  ^Ij^tions, .  Ap  the  deflecting  power  of  frictfonal  electricity  is 
^yery  incopsiderable  with  respect  to  magnets,  the  above  occurrence 
fndipates  the  presence  of  a  vast  quantity  of  electricity.  It  'ckt 
only  have  Arisen  from  the  electricity  of  the  earth  having  at  thfet 
Yiioment  made  it^  way  to  that  collected  in  the  wire.  Whether  this 
was^rbtight  about  through  the  lightning  conductors  in  the  neigH- 
fy^rhfiodj  ^filib  imperfeet  insaiation  of  the  points  of  sappoi^, 
<5tLrAtot<h«w«)l>made  out»  .1 
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especially  by  means  of  Galvanism,  513 

•■•'''  'I'l  >••/•'  J    :•  I'll'.    .'  -  '       .  )  .        i-  ■'-   ■!■.!     •       '  t    I  •»!•  // 

ailli  bftdk^  i6Sff45  fetft,  and  it -is  6ltJ^clt^  Wcsr  sire^leafiiiicb 
oUt<^t '  hi^h  bc^ildfeigs^  as^  li&si  da-^tidyi  b«eii(  cibacdbed.  i  ( )  I^o^f  u 
«(ihii>d[:  {k^^^iot^  olf'  the  <}hi»n  t^uryi^iiygitUroagU  tlicfjiiitoridfi40 
fhs^ 'btiikliiig^  coiiti«<tted  with'tj^  H^yaliiiclaGdeiujiE^  i]e9idk[,iO) 
fh^  iij^t)kajdi<ilil  Wotkfjiiop^attacfaed'lroel^)c^bijitifetio£(j^^ 
Phitos^hy.  It  is  «dm^6d*  6f  q  fiBie/rco^pdr  wire  9fil^;feetf 
hfi^ylet  int«y  thfe  j<^il!nig;te  ^of  ti^e^ifltAwjiaiid  in  partambjfdded^ 
ki'^khe  ^all8.  "llhi^^^g  t^hkt^  p(^¥iiotf&>togelherxom{kide^a  Ibey^ 
^^ttrning  into  itilj)elf  £(nd  iollo^  wbidhttbeapparatuis  for^iicaDatn 
itfgih^  ga]!v>aM^';e;iiiteht;  tod  al^tbe  indicator]  are  iaserteduO 

j/i..  ^-    -^PPO'TfltrnfOT^,  fifi?^??(^^«  ^>^^  galvanic  current, ^^^^^^ 

oiHydno-galvaflism  or  tbbigalvanic  current  geniQiTabed  il^.  tb^ 
iotk>ii>af  tbe  voltaiid^^dj9|'by  no  means  fitted  for  tr$iv6Ds^g 
t^^V^^ong^conufsetiag  wires^becdase  the  resistsM^ice  in  the.pit^ 
6viea/Wb^'manyil^iitid(rpd)  pairs  io(f  plates  are  employ tid>  A¥Q^l|d 
btt  always  i»c6iisi(ktatbieico(mpa>]red  with  the  xesistaiM^  offeri^ 
bjf  the  wire  "ksfelfe  ;.''•]>••.,.'.' ..  .  ••.  -.   .    .-:,    ^ii^..i, 

^i/IThe  pttntiipal/disddffaBiage  JDfOwever^  attendant  (m  jtbe  fks^ 
of  itbei  pile  or  tifongb  a^iparatnav  isitbe^a^tiia(ti(9)3  ofiih^ir  ei^Cn 
itebt  ^oi^ed:  to  tbe^circnmsitfaDce^  of.  theirAb^ci^mi^  iv^y:)^f¥)^ 
qu vte  powerledsy  and  ireqaiaoDigj  to  be  tiake^  r to ,  pMC€i%#Qd  r^flt 
^olgefch^F'^glUinv  ^Th^  kDtireinelyi'in;§peEiion8iH»^«n^^|ii.^ 
Mone  k  hkeiriso'sdbjoet  to  thia  ihooni^enki»cfe4>ljAU  ^V^ 
however  is  got  oveiirwhen  one;  toi  gen^satejilh^tionsit^^lj^f^ 
9ddoii»eitb  Faraday's  iniportant  di^t6verfff«fi<iadb(9ti9ai»  |hat 
istd  &Ml  by  moving' Bikgnets  placed  in<tlmnseigiibQ|i|^h<^.^ 
exmflbdtlng  'iwite^^  ;  Th«  b^ter  iH»ayjbaw$v«il'ls>  VSAfi^m^^^ 
the  magnets  as  Pixii  does  in  his  electro-magnetic  apparatus^ 
];]^j|:atl^l^rJU),give  motion  to  the  mulitipliers  placed  closp  \p  a 
j&xeljr^ayjneft. ,  r  Th^  aorang^ment  that.  lCJl,?^'rJfc^'ba^^^ 
ihe i<rwiltijli«ria theooe  whichy with 3oiwe  ii[pg^c^l;;9fj§,^M 
faebit)adiOfijtQd'...  AssajBaingoxi  thepartof  our'Teaii^^)^.ge^fji;f4 
jknbwtedgd  ofitltoiprinci^ea  ofthe  apparatna^tw^  ^fqri^  )flQnfi;ip(f 
l$d¥d^ei^  'fo''ei!plaimiig  ^howit  haa  been  adafyted  to^jMiki^^f^ 
Wfcit^^ifihic^ltttei'cfOtfrse.-  '  ..    *       •:    ^jjMrh,.;^* 

;^y^Hf  ifta^fet  iis  c^hiT[)0*irfd  of  17  horse-shoe  bars  of  h&rdenwd 
'Wceel*  "With  its  iron  armature  its  wei^t  is  about  74  lbs.,  atld 
^tis^capable  of  supporting  about  370 lbs.  Bejbweeh  the  artrts 
ffij^'^  magnet  there  is  fastened  a  piece  of  metal,  supportmg 
jM;^fit!p,jCe»tre  a  cup  provided  with  fuijuigting.«cr6^s^'ang  y?^h|c^ 
;^efirv««.  asig/support  for  the  axis  of  the  ppu&,pf .  th|^, Tpi^ti^pSlj^^^ 
-Theaoils  of  the anuUiplier  have  m  all  i5QQQ,,^^Brflj^^Pf,^jW4^^ 
fA<^<m€itre''(3'fe6t;  &3708  inchea  English)  .of  tiM*rWffT^)yr^/fflVB 
15^  grains,  and  it  is  twice  bespun  with  silkhrndtiv^^^t^e^iH&j 
which  are  insulated,  are  passed  up  through  the  interior  of  the 


hi4    Dr.  Stei'iL^ei^^i^^  '^eUgr^'p/U):  "Mmmtation, 


'V 


Mj  »  otj,xv.vi,,i.u.iieta  lasrenea  DecweenTnepi  wttn  sine;  jsna 

taffeta  round  tKp^;'^^f&  sttip^  of  m^ 

to  |s/a^ove'andVeW,^^r^^^  Kthe  lo^^ 


Ue^  9m^l  m^tal  pihs  ^^^^  the  ends  ij^ 

ilie  niuitiplier  are  isoiaere(](  BediimV  o^i ,  WKile  in  the  uptltt| 

iron  hpQlis  screwed  in.  Th^^^mtM  th'ei^ifeire  form  the  tef-- 
jnmat.ions  oi  the  multiplier  wlr(^s'x)¥^e^c6ils  of  the  inductor. 
ITbey'her^  turn  down,  fig.  15,  inty'i^o  selnipircmlar  cups  cijf 
guickeilver  that  are  separated  by  a  W^odeh  ^partition.  l*ro(iji' 
tnesfB  cups  of  quicksilver  theije  jrobfeed  botttetions,  J,  =  Ji  fig^.' 
8  and  13j  towards  th6  wires,  Alid 'tWy^thfferi^re  may  b'4 


^^ui>Ks  .o;;  •  me  Wires   oi  ,uie  uiuiupuer   pass  uy« 

tSiip  wffeoutfeicHiii^d  them  Vhferi  tHfe%tiltp 
tiirri  oii^ jii^k  axisV  '  Oiife^ee^  that  the  toM  thtis  are  b^ti^ 
intp^Wl^r  ctipS^^^^^^  ^ery  hatt-ton  ofihe.  niyiWi 

plier,.Tn^c^^^^  the  gaivaiiic' curi'etot  prfes^rt^ 

Its'^slgiias  long  as  the  mtlltlpUer  is  tunied 'm  biie'  dif^icffcn. 
liut  it  changes  itsfeigfijOn  the  motibn^eiiijj'iieversedV.  ^'HU 
poliamutatioji^  w^^  it  W>ay  be  reinarked  rilaty  be  esstablish^ 
iwritihou t'  fcl^e '  uise  ol^  meir duty  by  the  coiljtacf  of  "stfip^  6f '  cOpjef 
IjEf^^Vac^K^^^  fdund  to  answer crimpletiiyi^^^'Th6f« 

j^^^ D|6|qes ':iwp  6tBe^>rrangenient8  i^ich>e  nfiii^lnBtlEllltH| 
io  pass  unnoticed.'  ;     *  '         ,      .ii>M  ^{n 

f:pm'g^  current,  as  *e  shBkl  ^^  in' iU  "im^M 
^i^iotihe^^^  should  t«ilJtB^|te:^ea^;^  by ja 

interyal  spc 

^i^i^/jE^pninal  jhboks  of  the  wires  dip  intbihW  qiiic^Ml^Pciii^l 
^i  the  place; ^Kere  it  forms  pools  that  advande  to%a»dS'^4cl 
plh'e^'at^i^^^^^  the  curicenrtis  at  Ks  gt^eit^sft 

iitenstfy;  ke  figs:  13, 14,  and  li5.    Pig.  15,  shows  th^  tybsil 
tjipn  m^ji  t^ie  Inductor  has  when  the  terminal  hooks  fir§t  d|| 
into  £n;e  Qups, '    tii  all  other  positions  of  the  inductor  it  sboiilj 
,ljowe;j?ei;  iorn^L^  no  part  of  the  chain,  otherwise  th^  signals  made 
.at  tfie  's^^^  be' repeated  by  itts  Own  multiplying 

wire;  and  this  becOnies  Of  the  moTe  moment  the  greater  the 


twm*.,.  -     ,  _ 

a.oopperiaoop.and.intotjhia^p^Eft.  ^„^(^^_  .^-y.-^     -..|. , 

TTttese  hoolfsdip  dowPjiiitp  Jlie  semcixcjilar  pups  of  quic^liK''^] 
^^^hown  at  fig.  14,  ,'At  ia^,  rooiuent'laawever  th'atthey'^at^ 
{>aesiD^tfcroasth&wirai)e^'DEqhtMnj't^^^ 
which  are  at  right  ancles  |^^  m^.' ^ip  intij' tW  cups.  '-Wn4i 
tl)e  hooks  of  the  mult^plfev  ^rkin.f^niaciwiththequickiuife 
the  connexion rwit)i  t^e^K^R^/for'divertlri^  ihe'fiiirffe&t  9 
r^^theri'^sliioia  the  c--"""- 


bpoken.     In  eTerv^ther'pftsiiioia  the  connexion'  thfiStf^'  tni 
hooks  of  the  tnuluptiei'  is  ant^rrupted,  while  it  \d '  establ|l8n'el 
through  the  others ;  w^hce  it  naturally  fbllow^  that  the  Hiit- 
«nt   OD  being  transmitted  from   any  other  station  ^af^iii 
directiy  through  the  laiter  hooks,  or,  m  other  wor^,  'crhi^s 
directly  from  one  quicksilver  cup  to  tfi^  other  and  is  riot  (br'6^ 
tc*  traverse  the  wire  of  tjis  indiictorfor  (hat  purpose.  \Iii  otdw 
to  put  the  inductor  ^fn  B^otipn  without  trouble,  thelf'e'i^a'flj 
qar  termioating  in  twp  nieital  balls  fastened  horiz^6lpIly''iiB 
tojta  vertic^  axis,,Frate„XIV    Bgs.l  aind?. 
the  quicksilver  heiag  scattered  abouf,  owing  16 
^e hooks  aa  they  du)  into' it  wheii  the  mulllp] 
Vfil>idly,a  glass  cylinder  (s  fitted  on  to  this'  p^rtbf 
%t  ,U    At  every  half  turn  is  seen  the  passag 
^  ^e  hooks  of  tiie  multiplier  leave  their  dups  o 
If  we  choose  to  give  up  the  pheiipmona  of  tl 
tniqg  noways  necessary  to  the  employment  of  the  iiistiWlAetJt 
f^  a  telegraph,  thti  inductor  will  adnjiit  of.  a  'hx  rn6ri'  'stin^le 
pofqstruction.     It  will  then  merely  be  hecessa'ry  topTAlie'uii 
i:;(;i^ti[iutator  directly  above  the'  anker,  and  to'fet  the  scjcl^  'iX 
tp^titm  pass  iarther  up  in  the  heck,  in  theffireiition'ef'tlie 
ny  bar.     It  then  becomes  unnecessary  to  bore  the  aixli  olttl 
^i^.j$h|^  ends  of  the  multiplier  are  at  once  fastened  bf'ti^tltig 
flp  t,9!  ti^fi  |>]ates  pfcopperj  and  these  copper  plates  4ri  M  into 
j^^pq^o)  ring  qireotly  Opposite  ea^h  omei'.  The  wti6cleti  tWg 
la  j>jl^m  upon  the  vertical  axis  and  made  fefit  to  It  tj  clfitfaWtt 
EJf^er^Lally  this  rin^  is,  in  addition  to  the  above-iii'ethjili^i^ 
fl^t^^j  provided  with  an  arc  of  copper  let  into  itwhlchtfctS'lB 
ft  9pnlict-breaker,  aiid  two  ends  of  the  chain  thftt  the'fctiWent 
If^  to^averse  have  the  form  <rf  permanent  sjrfitigs  that  kS^tf 
lareffeing  against  the  ifooden  rings  directly  opposite'eafth  oth'w. 
py  this  means  with  this  arrangement  also  the  6ndW  of  thd'Stf- 
dvictor  are  in  metallic  communication  with  the'cKaih  'dti\f 
4^^ng  a  small  portion  of  each  revolution,  while  ounlii'tKe 
Xjiat.Qfthe  time  Uie  connecting  arc  brings^tlie '^ds  ra'th^ 
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cb«i|iiiiiti6iclv«otic6uUlcti;   3!hi0  eoiiktniiAtG^tblitifcft^ 

simiillbifyilind  iaisi^t^s^r^l'ff^^^^ 

i^  WiQ,b«iv^^q#iii  i|»itbe|f«i3ediiieltilLpel:^that.our  aim  iti^isbv 
tp.  eittpWy  tKd*  ownrontl  idemdpbdiib^  it]^&  indi^ctor  and  d^/ 
Uuvmi^tbe  €oiiduotiD|f  ohain^jlj^tirh^'lAsaefl  aisross  mag^i 
i)Qtj^ib»r9ithiiit  ar^  deliqtAclytH^IieiidediitioiBJiiJCffiise  them^r 
lif^i^fl^ti^iii  wa9  discoTetedjbiri  Oersted;  iTlttsse  defleetiofity 
if',W«npri#hrtOigive  the  signahiiaqiilck'i^iabesubiiyiattstfi^otlf' 
ei^^fptj^r,  with  the  greatest  rdpidityi^iahd  sbould  tberefox^  be! 
g!0i^r6iL.  This  poiats  out  to:  uaf^befiize Jw€i lsh(»ild  give  tte^ 
in90i^Q(io  ba^rs  we  wisb  to  deflaoli  <  Thejzr  most  not  howevier^bei 
made  too  smalls  as  in  that  case  .tb^/mecbahioaliforoe  arking^ 
from.Uik^ir  deflQctioB  is  not  tatroDig  >  fliBoaigb  4)o  be  directly  ap^^^ 

SU^d fc^ striking upoo iMiUs/oriaiyiOther/sirailar fvurpdde;  Tbiiu 
^Qflj^otip)^  imy  K^.is  iwetU  kapfroyiahm^  titfitfotceof-  th^cui^^ 
7^^t,(Qr)l^  tibe  aa^^^  tbi»  fiteongiety  t^  jgntater  the  numbe^'idB 
W^%AQ  tj^  ti^uUipli^itji  qc  ill)  other  iWpBdsv' the  iolftdner  the  wite 
^{liedifil^g  Ibe*  Qc^gtietiic  bar.  The  size  afthc  diametev  40 
Ui«^.$iQ{]|$rata:iucjQ^>a&  we  know,  only 'exerUian  influence  mlA^ 
n^H^i)£Ki;kHikid49r,j^o^th»  entire  length  of  the'eoiifiecting''wil:«ci 
Tbf^-ii^fjjlic^?:  •  tbereifoire^s  a  multipliery  whote  two^ndsi  con^ 
9^pt,4i;(]^U>bi(hj$'C4>i34uctijag  chain,  and  within  which  the^biiF 
tQ'b9<d^A0jli^.ii3;p^ped.  It  mufit  be  borne  in  mmd*  thskf 
j^^  ^im^JTath^t'Wiar^Qf  the  multiplier  is^the  lai|;er  its  ooSe 
are ;  and  the  more  turns  they  make,  the  gp'eater  is  the)resi0t« 
f^f^^rt^  ^^cuint€^t  throughout  the  entire  chain.  '  -i  >• 
oJ?ig^-jil&u  atid  17,  t^late  XV^  represent  the  Tertioali-and 
^9l^n|^  il^C(|iQ»iB  of  an  indicator  containiDg'twio  magti^] 
iq^y^l^e  ^9^.|tbejir  vertical  axis>  and  imhich-  from  ibbeir  {bm^ 
Q^r|tcti(^jf^-0  {(Applicable  both  to  striking  ibelis  and'iailis«(^tt 
nf(^t^4[ig  (4ow;)  a  type  cQinposed  of  dots,  ilntd  the  frames  ^  tfae 
9^M}f4p^r^  which  are  made  of  solder^' sheet  bras9j-£g«iil$ 
th^^,al;^  soldered  two  smaller  cases  "for  the  tece^taonof  thu 
^agoj^i^^^nd  wjbich  allow  of  the  &ee  motion  of  their  to^< 
JVbptT^-  ^^, below  ,they  have  Uireads  cut  in  them  for  tl»  rdcep-i 
tM)jm^il^r  iScrews  in  holes,  on  the  ends  of  which  the  pirotsof 
the^^f^.(^ri$,,.  By  means  of  these  screws  the  position  of  the 
]^^s.^^^JbJ9>^o^rfgulated  that  their  motion  is  perfectly  easy 
fV|^d  i^i^^A-  It>  the  irames  of  the  multiplier  there  aire  600  turns 
ci  the^ifsmvaiasulated  copper  wire  as  was  employed  for  the  m* 
auGtoj?.;^.,.Th^_  commencement  and  the  end  of  this^wire  ati 
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If^jlb^r^l^ji^biyjb  ^ffeitbl^  {ff^s^Kitttii  toiB^qb  (i^^t,  hb&cMuefaij 
owing  to  the  iri^m^tf^  (tb$yix«lUte«ll]j^i:!M)^fl»nfiblB{i*eli  bet 
brought  nearer^  there  are  scf  ewed,^  twp  slight  brass  arms 
supporting  little  cups,  lBgS.  iT  ana  18*.^    These  little  cirps, 
wfatidb  AiHK  meantitoiiqjfijl^riirsds'flritriingc  ifik^^k*#v^i)Wmd 
yib^  bstrenielyj  fimepieirf^  rmiiid^'off'  ia^ 

fi^Ui  When! psku^ngabk^ia^utiialjo  Ih^iieidtipg  it  ittsibttbC^i^' 
itfitelf into  tjie  tc^  ofltUesbdbef^ofbilg)!^  '^pill^>attt«i<itiKMl^ 
E^;witlu>ul>  ruiioking.bttte.fefj^igiiti)tfaeir  ap^ui^Ba/  pte^tion- 
o(/e\  B€sni^globula!e-Bfaa|ie/!  Tipe  isligblest  colitaeftrftuffiebd  fb^Ke^' 
for1ei(n*n0feiiig»idio#ahihl$t^hidqtu  When  the  gdt^atiiid!h]^^> 
entetia  tKuisnlittad'jibrodgkithd  multiplying  wire  <6f  iMiSi 
iodii>»tof/both (idsignetioibKrs nftaUecin  effort  to turti in  a mmi^ 
Ifpndiuectioii'UponitfaAisriver^il^l'aKes.  One  of  the  cups  of  ink 
w^nl4  ildierdfoard  advfcii^eifrqpf' within  the  Irame-  of  t^e  ilittlti- 
pi«i§i:  w^l^tlkf  t2tJlieranrjcMild)riBtire*withif|^  it;  'To  preirentthis^ 
two.pliil;)esr(a;e>'&ilstbQte4^^^^b^iO^  6nds^<th#  free  dpace 

tjbaiife allowed foU^Aha^pk^ qitixe  biors^and^a^infifll  which ih^ 
Q^b^r '0tldfi)o£  tJbesi^ibaii>sq[nre8ak  Only'  th^* ^I'of >  (ftk  hkr  tnh 
tiben^fi[»eiStaHrioitibi£Exxmjm^  nliil(ipliiei^'Al  A  l^ike;  'Ibe 

otlftCff  Irving:  mtain^ian  k9  place.-  In' md.Qji^tPhiilk^'^t^^Jilait^ 
n^it>  l^iis  Jbik€k'to.tfaeb>oi^i<^ii^ 

im^  i« iGov^leted,  {iTecouritQ  •  h  ^  had  to  ismaJl  '^diel&Mle'^ftgmiy , 
wii<)Sdidi9liniioe  andjposition  is  to  be  i(rattkd>tiU(kb4y^i>^du^^ 
(^d^Hored  effects  :>  Thoife  position  muiit^  b^  ji^^niUti^'by'^bt*^ 
p^riment,]  ii^amnucfa^  as  it  depends  ttpoh  th^'^iiitienii^ty' o^  Ilk 
cwr»^t  «tiHieid  into  play.  f    i  -i'  ^   '/  '    -  "« 

If  this  appamtuis.  be  employed  for  t^6dtu^g>im'd  'dbt^dd 
^aailjijdigitiiiguiahable  to  the  ear  by  fttrmibg  oit'l^lM.'it-^^i^ll'be 
Tlg^.toi  select- diodk' bells  or  bells  of  gktsB^  bdth  'Of"*#bl<?Il 
easily  iWWlijt  a  eound,!  and  whose  notes  differ  kb6tttti''ri3Whl 
Tbi&^tebmial  i$\  by  |3m»  laveans  a  matter  of  inidiff^rencie.'' '  ^e 
miAh^iimae  ^easily  distinguished  than  any  cfthef  ln€ety^i 
j|fth3j  filled  octay^iiwduld  be  frequently  confounded 'b'fithos^ 
nAi  ^eraedjia  suchmaAters*  The  bells  are  to  be  supported 
Qtl»;jikttle  pillara  wiith  feet,  and  their  position  witih  respe^'  to 
tli^ibars' and  likewise  theii;  distance  from  them  is  tcbedet^f- 
tnuaied  by  experijnent.  The  hnobs  let  into  the  bat  tfcftt^stri'ke 
^nithe  bells  must.give  the  blow  at  theplncei^hiek  iliost^eai^lt 
^mits,a  sound.  Thi^e  hammers  bowever  are  not '  to^  'be'" too 
lelo^e  to  the  belJfi,  as  in  that  case  a  repetition  at  thie  sign^Q  HHh 
e^ily  ensue.  A  few  trials  will  sooiii  got  m^t  this  •diffitfi&lty. 
Ifthei^dipiator  i$  io  writedown  the aignalfiMa  ^^suriUde^f 
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ih0  litdb  bi»^iabD1lMrtnte>^e<i.//  [r<M»<^^y<$^^»^  Ibiil 

*j|btt4hb>  iatbp  tMb  ba^M^  bmlM>ltttmd«h^h09e,^  .tt^^ 

pass  idhiB0fin?£ribBjtilQfl^be  Jiilib^iniot^^  d^M^ili^edili 

read  cdQ  htid  lattkytwindditalf  iq^^^Aki^  to4  aetond  o  j^lMbtf  »i 

lA-itgr'  of  irbirae'cofiaii  w^/imHmred  h^  9(4emlintiig^  4y'  wt^^ 
A^lcps^iliRiidal 'section fdfftlikjeriti^  10.  «i^^ 

dt  fi^fjolg^PhrteXIV*'  Figt'tSifiprewoistit  :i8  9eeai4Mni» 
abov^  :  At  1lhe«QTn6ts  ctf  thdirajfaeeMeTrvrladb  thejUbAbiQQfi^ 
papdt  is  led>  tUere  lireplatoed^tiikilmove^Utiridl^to.diQih^ 
the  iA(Sti6n.  >  This  fraiile  mbr^nrQl^ladiDSls  ^f ibeing  adyqmcv^d 
tdiwaids4be  eups  or'witfaditiiiiilftNiad  the^i  voo^bat;  tb^  BC^t 

fr^rp^lsitioa  t&  gfre  it>canMbeidsocfft^med  bjf :  eoLpenmiei^iH 
tisietidant  that  the  6aine:iiia^e6i£r>'baircf)(®ttonotfb^  >at>ot¥?i( 
end^loyed  ftipiBtfiknlg^beUs  >an4  Anw^fiog^;  ther  tittle  pfnf^fi 
thttf Btee»trb6higf.ait«Edy/8xlbnB9tcd  jrgrirfibcffidf ythjtils^ 
tfoasl  fiiBtttitol  «niibibB{tbefh  biitb^all  wjef bairstt^h^d  Jafj^f4^ 
Irodivasm  ssodcid  kniisatotdiktO'tlid'fJmBofBy  (ftub  il^^i^ 
ttonondieb  o£tlfe  indieiitors  thd  kmi^essttf  tbeaooii^^i^iibfl 
b€lli>(nanbe<  afagaieBtedrat'pitBMti'b ;  tbasvcast  liovey^,  0i|)|^^ 
dchldcB^1JA9roostr|:^rra2if  dnoreai^ed  resistance  in:  the  oha^io  t^ 
otd^r^thiltiSiis'tnay.fa&iiidiieftsed  by  tbetndumtorasMK^^^^ 
po88ib);e fit wWktiit ifiuMre  bebettec tladt ^iliSr.ootts-sbo»I4-fo& 

f>'  TbeidboTO'deiiepTtptioQ  will?  enable- thrift  ^ho  ar^^^uniMii) 
iritliJsncl|/8a1qe<fcl»tai6anM;riict:thie  i^panitus  foiJ  themsijltiQi^* 
>jf^4nw*yetfScf)add'feffewirord8tipoa     '^    vmH      .o^fila/^ 

I*Iate  XIV,  fig.  1,  represents  the  longitudii^J,fRp>j<m,j(jf^ 

pyramidal  table  &i|andi»#lln  Ui^,ft3^v<#oft^)fi<W¥[iW^¥^ 
taiIli^g  the  whple  apparatus.  Fig.  2  shows  the  same  as  seen 
from  above.  The  Vu'es  from  BogbnkmMk)^httt«%(t&lhe 
Lerchenstrasse,  the  ends  of  the  itiGSi^^9x3t,  and  the  wires  from 
ilBie'm£llorilrer-'oypS'of  itheiindacter^i  Qacriin<ot)iBi»/Wi»ill%Vlhe 
tiwo .£»is^>litsi  mukipUer^^aH  meeft  tog^tiwr  ai  the  ^n^<4i 
tbetablei^^ssen^^  figi2yof  Plate XIV..  They  wi}i^m 
brbi|^dbti(i'o6]kKMadbn  w^  hoies  filled  with  qoicliJitlvieib 

iiad&  ih<  4  iSm  of  "wcAid  as  shown  at  figj  3,  Plate  X V.  , '  Tkf^ 
6otirse  4iMit'Jt}i^!«taQ(ent  we  eall  fixrth  wiU  teJie  49peBds()«i9W 
theiariBspevtwrB  ttouoeaqpeii  tof  these  eis(ht  hqles^liitb  .atK^  ^tb^' 


:  ^^^'^s%vs'^^mxay  '^^$jMf^y^  sOftftT^fUAudJ^  /iCl    filfll 

r««^' ^mUld^msB  >^t>hii0>t|g|bTcBQ^Hlk^iiqeiEu  I'^ilcitferirdMVjivfteiBrrtf 
ebtVil^iOils  W«HcivtaPby5ts|ife  bopiiBTrwiTeRMpAatHijI^  iii)%i^J 

"^dtitd  t»e  in  tiir^bt ^to^rnqnidttticBi  frhile  tke.twO'sUitiogil  dfe 

Bti%'by  turlirng  ihi^'dgQvefdOjd^gfceea  \Kre  shoidd  tofa&bet  th^aq 
j^  i^Htions  whiles  n^e^bbcteoff  diie  station  in  the  AdaidbEliBjfJ 
Oty^er'witei^'ls^fving'db  00taAlJQik1;hete  three  sy8textodif[C(MM 
nb)cioh :  and  -  tl|d  bombinstiaiBi  ^  axe  laid  cbwn  upon  -^^  iinrdeq 
^vtfftici^  of  the  trodden 'fco^d]^^afrt^eroomsHiiatfttbrvA8t)e«en;i  at 
fig:  4;  Hiere*'  apsiQ^wimk  ^nogedfin^  ^dcrafmniBdii  fropill^Dds 
M.  '<!  Oniy^i^htiofltfaei^i  ]io'^t^/ev£b<ccidie:sUitO'iide^o^«d; 
isdtbat  theiie*mB6tlbe^/dixt€bto  btheii 'hdiaiifiiEodetitijthe  lemtt 
ijtti^^wobd  iUr'theTi0c^ti6n  dftfai^iwiififii  iui<)oia  Afte^fand 
hdiihg'iio  qntekl^lllrer  prared  ihtQ-theiii;i[  Jilr&[)tiMi8Tiii(TQiit 
pdW^rto  diteet  the  couite  xxf  the  eu^itent  aB3v»pdbK)odej«m 
^j^teiDi^  (iom^rnedare indicatedupontfasRu^er vnnStedjofiidife 
^vei*  6(the<;onimutatior  by  engraredietteinl^f eefigitl^  ]^leiS¥y 
this  caver  containing  the  different  modifijcatibiii^  of  \/tb»  f^^^tema 
of  cotine^ioQ^  as  s^ownatfig.  4.  "C}ipn]pfag:Mi^po^tiohi«a 
thi^  eo^er  rondd  the  central  pin  springing'.&amt'.the^afble 
eUtiililB '  tte ' id)  ^tiy  •  the  direction  of  tiie^  ourranft  ipi  B&yi  manile^ 
we  like.  The  use  of  quilskeilv^r  ctilpt  ih  tlU  >lKn*il&]^aitol)teay 
of  course  be  ;rejJlaced  by  conically  tttmed  ^opber  bin$.  This 
has  indeed  been  dbiie  at  the  LetcheniStriws&fe  rad  me^  Bdgen- 

ifete^^tiohs.    /f  •    ■'  •  i  ."Vix  f.tijri 

" "We* ilhaH  coiicllicie  t>y 'a  few  remarks  upoift  '  '  '  MiL:i{q 
9f{y%fr.7iaiy^*|o^i<wq/^  Mir  appqreUus  to  ,  j'elegrqphfff  ^^ 

'jftfV^e^'hntir^  fi^m  what  has  preceded  that  at 'every*  half  Aiitn^df 
^'fl^b^  ft^iifi  rigllt)  t4»Mt  One  bf  th«  b8nii$^'de(Bdeted.o  It 
6ftv^  i^to0n66ted  the  t^minatidbis  dS  the  vil?e»ttl]^ti^i^lwyt 
ikm  %his  i&ovenlent  is  repeated  the  luigh  tottedtfaeUiahilflrikiifa^ 
i^ntek  at'  all  th^  stations.  Standing  aft  thfe.  8id<&  BdB^  todi 
twined  towards  the  indicator,  oote  iiaamed(iai«ly/|)etjgiiij7^8ilbdk 
btokiittptihl4<dot  ilpon  the  r^bdn  nJf  J^p^MfHt^mbtet^^mg. 
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Srftom  left  to  ri«l.t=*^^*'«  ^PSIIS^SS^ 
KS^r  dots.  bu\  oti'tf  .lo*fer.^el^  -f^gA  tmie^*^-th^^ 
STww^  line,  as  ioVritftlg'ttttfel*';  <Afr*^  ««^A«  irit«^^ 

fcSween  the  toaea,  or  irt^al*  b«f*«^  ^^^u*^**  ♦T^ 
down.  A  longer  pause  sepawte*  tlitese  i^ou^s  *»**,  iJ>?^; 
each  other.  We  are  thus  enabled,  by-approfmately  *e^^ 
«WHit»s  thns  rombined,  to  (am  sJsteitts^tepi-eBentmg  thei*^ 
t<>r«  of  the  alphabet  or  stenogwuphfe  tharactew,  and  thesswy^ 
lo  fvi^at  and  rend«-  permanent  a«  «dl  parts  e*»he  oham,  'wBWfe 
an  «ppt%r»tus  like  that  above  described  is  i»f8erted>  any-Wto»^ 
mation  that  ve  transmit.  Ther  alphateet  I  h*»*  r^'*^! 
t<-|>n>!s*M»ts  the  letters  that  occur  the^  oft«*BSt  m  OfeWftb*^ 
H»y'  siiujJvst  siiTHSu  Bty  the  similarity  6f 'Shape  tet^e»n't»ese 
»i<ns  «ml  that  of  (he  Roman  letters,  thfey:  beedtae  JiWp**a»| 
W|H^«  «  h*^  m<^nK«ry  withont  difficulty.  Thodiatrfbtttioa't*  mf 
l<Mi*»t*  a«y<l  iHimtH^rs  into  groups  consisting'  of  no*  teOSte  "SiBtf 
K%rrk>t9i»«ho«nat  FfeteXlV,  fig.  I.  ;  .m   )*-^ 
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wr  i  i  >t'   '  <i     \      """ 


•^*  *"***^  »"f»^«>'  f**tweem'tAe  pole  of  the  'eitttki-  (Safid^tkt 
♦v»V  ,»#VA^  *W»(i»f*r,  e*»mmmticat*d  to  tike  Ed^t^'^'^^ 
♦*,.^^^  ,s#  A..;,v*W^ry,  Bp  Kdwaw*  Na^i^rj  a^J/lff** 
#*^/y^.n>/,v/',4<.^Vy«/.Mffrw»c».  '  ■■.  '^  ,1%  y.iq  ^rf)  ll 
,^  '  *    ■      >  ■:.-  ^ :;  -iiiJ  'JflJ  bnfi 

\v   <  H    M»m>  <4  gravity,  as  found  to  exist  m 


qfeftftt)  which  tbieipe.  <fi^  jfep^^nft  i^ifj^ti^f .  -,  a^4  ^hepce.  w^c^avioim:! 
t»)0ite4uo©/  if  .n<Pt  ftto')ltws,i^hifhiQ^\)enGe,th©  Qppipa^i^,..j|ft 
Ife^^i  :8^>me of  ^he  rw^«w»*t%|«)^^,  jUj^oia,. which  ita^^pfl^tipPiSH 
ly^PQUr/to  dep^ndf  Thke&^U  i9(^fwt  whick  ther^  W/A(^' 
dispvite.areasfcilow&ir-^.j  .[  ,\  ...m.."«  '      •,  'O.,  rl-.r.:. 

)|fi];9tv  the  needle  dpi^i^, not  ppiatll  to  the  itm  iu)rthtQfl  fcW^ 
^t4h» '  if  U  did^ ' the^ 6  w<;^i)x|L  he  ^  rvariaftion  in  Us.  directi^ 
i^nl'the'  feme  ^^arth.;  }  GQllM5eq^ently  the  variation . of  tib^ 
iiQQ'(^,/0);  iUdeflectiio|:i';ir(atip..tbe.ii:ueno?:th,  paroF^^^ha^  the 
pl^«ef|b<)  whieb  thf.m^dteisjatjtract^df  i«^  diflFcrj^nt,ia(P9sitiQ». 

oag^^Qpdlyi  thQ  plflea ,  t<vi\{l^h.  Ae  w^^  is  j^ftfcracliedt.  fvppipaifpfr 
i|(>fej^lwjE^y$  to  b»)?^!  a/fi^^d^  wwi  wifWJWi  pQSHtiw^  i^^l  F^i^ft  .tft 
tfe^j^UfirUiorfch  of  tbe^  |6arthf5  if  it  h»d>!tt^^/V/ai:i^Hpi^{lvpHj^ 
i^m^  L><?hftnge .  IB  qnt^Btity  and  cha3»qte?*f  h»ipgr  |pfflQ|>TO^ 
east  and  sometimes  we$t;  but W0uI4h^ §^Q^/^d gi^fi^ji^i^t) 
a  jS^^IpkU)^:;  but  lids  knowai  not  to  be  so  :  consequently,  by 
these  changes^  the  place  to  which  the  n^t^tJlc^'is  ^itl^pted  U 
proved  not  always  to  have  a  fixed  position  in^^latiip  ftcr/the 
true  north  of  the  earth. 

•  Thirdly,  we  find  on  certain  occasions  at  particular  places, 
tj^Q^st^^dlie^  has  ceased  for  a  time  to  have  fitpy  vi^S^ati04  \  in  A\A 
ciUjC^'ctiw  ftcHWL  the  true  north  of  the  earth.  .  The  .pl^(5e,vthen 
t9\Yri^hc<3he'^eedle  at  that  time  was  attJBa<2ted,<m\relat4to^to 
^^Vftiv^^  plac?ej  coincided  with  the  true.north\of  thev«t»rth. 
If  the  place  to  which  th^  needle  at  that  tixyie  was  Mtx^^fed^ 
and  the  true  north  of  the  earth  had  not  been  so  situated,  in 
r4lMilmjt0^eaeh'Otb^>  as  Ihtt  the  needle  when  directed  t6' the 
ont^lpdiiubBd  {bo  ithe  o^heri  there  .wcmld  have  -beeh  s  varialiooi 
]$ir  tbeidiflreelidi)  of  .tbe<  needle  from  <the  tnie' north ;  bui^  there 
^ftMAO')VAiiiation  in  the  direction  of  the  needle  frotai/ihe  true 
ilknsth  (Of  Ihe  earthy  a/t  the  given  place ;  and  therefore  the  iplaae 
tolvithiah  the  needle  at  that  time  wasattracttediK&SBdtffltfiaited 
ijiineiatiDB  to  the  true  north,  aathat  the  needkfpointickg  tothe 
p^e  of^  tt$  then  attraction,  was  directed  at  ih68aiBeitinie.t6 
^9  JiTtte  north  of  the  earth.  :  .   V     ii.n^i 


mUiki:''^'JS(mHhhk*i»->tih  foundation- fdt  b^  Mief.^J^.%ii^ 

^it^nit(y^^fAb}kti%4^  tJA^-f^S^dg^'  eMperie&ddfi^,  ei&^'l^^^ 
qiMMtilH^'cit  oh£Mdt«i^<rf'^tb6>v^laUt>nof  the  ti^odle.  If  tl(^ 
pile  tit  ati^  eatttb'Mm'^itiipti^ft^  iM^i^^ 
with  l^he  chimed  «)fc{)m«>h^  A^yHYiUi6^,  the  nutatioa  tyf^&§i 
earth's  axis  must  be  greater  Ikilih^t^  is  p4rd4iV6d  to  be^  Ui^ 
a^  bhangs  m  the  obliqttity  ^f  ^  ^iptib,  i^kt  also  be  gr^«i  Jer 
thto'perdeived.  Consequestly  4^aiiitt|fiftiotidrthe  eanh*9&it!te^ 
hiAti^  ilil^fBcfi^nt  to  account ^ibr  ^tHe  i>liM^  enperieiicied  ii^ 
ijk^  family  ^nd  character  b£v«ritttM^;'\^'a^  botmd  UVfeaf)^^ 
tfdd  tdtlie  ktiowfi  motion'of  tli^^^aifwflitt^is^  a  qitaat^ia^4f 
ili^i6^,  f»aper\y  befengiHg  to* i^be |to4fi ^tb^ whiohtl^  n^edl^tB' 
afttm^^di  that  the  tvo-moliom't^getliM  ^yb^istiffieitottlPtk 
aiso6ttftt  1^  tte  0haflages^^»%eiVed  >te V^^^^  0f,  {^^riftpsj' 
fel:  ^ll<lhe  ^ui^dfip  of-  Ah  ''^LpfltixiaM^'^kuqiu^i  W^.^ttM^^'i 


V 


'  9iihai»|f'%b«|I  h^s^'ly^^  stated  above,  namely^  HuJt^ti^^ 
ik^edf^(d^'k)#vp^}&tl  tx^  the  trii^  north  of  the  earlb,  taf ^^ 
Mkie^m^k  difi«i»ettMd  a^rtj  and  that  ^h^ jdace«d^#Mctl^ 
the  fie^i&l^  y  aittracl)sd>  has  oot alwayslh^saB^epoiitfeifSi^' 
i^etefiou  \}d  thB  trti^er  north,  but  is  in  xnoOioa^;  w^  itefnaliiitiiy^ 
^ff^b.«^ii^'&  be? a«i;ythttig  in  'the  phetieiifefiaf  et'tti^'^d^^' 
mtltiotij  ci^MklM  to  <^{ilttin^  these  points,  vhei^  #6  i^lK^^^ 
<^)ir'fi^ijt,c  «h^ihd>pote  of  the  'eaptb>  md  ttie^'ii^dt^fictf''^^ 
edi^to  do  kokf'c&in^ide.  ^condly,'  thiktith«^^>dlll  ^itk^l 
^4ipti/4s  in^ttV^ioBl.  •      ■  ':  ■'^'  r-viiiiixlo  arli  t"^ 

i^($U^^riij(g  thetwo  last-mentioned  faet9>  We^p^Qft>^^4^ 
liM^fe'pYojeeted  from  th^  pole  of>  th^  ^^i^ife'lo'tbei^tlkViP 
#iA'i^inii!fate  on  some  point  upon^tibK^  ai^tki  dir^f^afad^^ 
tl^)p«ie:bf  the  ecliptio  be  m  motiony  ih^  t^rftiinslti^j^^fil^^F 
^^li^ef "^rdj^etied  froih  it  HO  the  ear«h>6iiistibeLmiinO«k)fiL  ]o ^i 
th^i^f^^tkhrdbsg  tcy  WkM>  is  found  in' the  {)heiiod[iebttWl|llWf| 
etetll^nihdliol^i''a  point  may  be  imagined  to  <^stoli^th^ib^^ 
tic  circle  which  shall  be  in  motion.  t  *  ^  .)  ]»  u;  gbuiwq 
-' A]|a^  jf^^liiae  be'pi^eoted  from  tkeipole  oiPth^lje^lSi^'to 
tit<^^ea^h(^  iti#itii^otWy4er»inateM'the^a^^ti^  ^imk^th^ 
s^h'^m  mk^'^fii^]^  ii^Fidkii  r'tod  di^  «^I1  id^idiatii^bttitt^ 


U«r<p^li^,tit^e  i^ll^iBr/^^r  m^i^te^^^^  Qtl^r  ^<^itb9L^le 

^¥iiAg  why  iuifiwt^ivi«pa^^dto<fteQftt»lwW«b  th§  iwodJiJi 

t^niftRtp  .the  pbe9;^tfa«ie[a»  Qfiju^tdr^rejeot  hypotlitc^Uf^^^^ti^tf 
iiig(]|i,lM[id  .beK;aiuyQ..o^.r^fMoil^;.l>e  exhibited  jas  t^i^i^u^i 
^Jyi^be  aeedle  jjb<»iy(il3W^-itj*^(*e(i  to  ^  ppi^til^  Jkh^^^tf* 
<#dfe*>fi^<?&  i^|i/fl^»wpfc«ft^.oh^^«wvwr  it.  i3wyM«ijw4'^'t^< 

motion;  namely,  thfet.tb«jp(ol^H0f/A^  j?|3p:tb]#»4(th^ 

^¥>mNtom^  result,  .\3fl«mdly>  <^t:  th»  pi)^k.t>i  tl^^r^Ug^ifff 
iiloJ9K^iqpi,i..jan4,jpqffuiM^aBtly>  ?^8itiflfi:w0il4>  (^^e.fiiUk 

e^liipl^iiiitpwp&fe ;  it  oamiot  jbq  ao<  b^iHi^^^  i^o^mpgf  of  lUOi 
cOT^iliefftUi)^  fear  if  the  place  t^iwl^ic)ti:t^ii^^41[e,b^  i$tji^«fiito4i 
bj^cflpiiafe  j^ij^USiioirol^.a^d  J^im  «»^^^  rjfi!gwlftte4^  hy>i*W 
kflfifS%  n»<^i^  fbjplttagiqg  to  th^^  pol^,  of  .tb^  r^plipto;.  It  ift^y  ;W« 
19^^  bjTxf b»i  qu»lttitji«ai  of  .variation.  :^»h4bi|lifi4  in  ]^^»e^» 
and  the  changes  they  undergo  at  different*  plm^QSHi  ^]VV^Q.]$i?fh 
*^&*feo^[i%4i9F«il  iWft?:r«»it«diB  pyoft^WtiE^^t^^db^^^- 
qF^iHtiii^r.  ,tW)pi«|w^^.of ;  6,eeing.  what  .p^idi^riti^s  ,Vi^ii^tipn( 
trp^Idfie-^bife  itt.^fe^jmt^^ts  of  the  world,.  i£  tb^ili^B^I^ 
^4)^ftttrp«l^.toi«ripp«rtiojii,tbft  aroti(?.!ci|-jqle,  d^rind  ftsterth^ 
i^of  i«r4iaei<p^^jfift^AQli^!the,  ^gok  ftf.th^i  ediptjiJr^jailtbQ. 

^hi4^»(i.tb«B<?fi«fu«tiiQrf  ^p»ti»utog4Q  wqwe^  if  tbps«.j?^«4r 
hjm^m  »8ra«t  M^Hh»wh^tf  ia.disc^^fj^  ti9  ja^uri^))9it>idii9^9^i 

periods  and  different  places.         ?     r,   ,  !    I  ,,:o  d  .dv/  ofni)  ti^ 

o  JSpicA^purpfiw.  erf ,  ^oseijuting  tbeae.  ^nq<iiri«|i  M  9(^4lC, 
%(Jl,,Jftete  XVl.,be;Uw  earth;  6  c^tfeeie^piftt^ii  i^l]?^  >tb4> 
e<diipt^ft<.;tf,  *he|)9iufea0f*he  aiietk^iroieitoiii«rlJ|cb(ilb#  mfi^B 
v^joe  supposea  to  be  attracted;  and  a,  the  north  of  the 
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earth  or  the  extremity  of  the  earth's  axis ;,  a  g,  the  a^ps  of 
the  earth ;  and  s  o,  the  ma^etic  axj^  or  the  protecU^  Jiji9 
from  the  pole  of  the  ecliptic  continued  throogn  tke  ^firth'p 
centre,  xhen  a  x  d  g,if^a  peridian,  and  s  x  q,iaeL  magf^tic 
meridian.  Now  anything  situated  on  the  oieridiafi^^  43^  g 
directed  to  s  will  point  to  a;  consequently  on  that  pa^rid^ 
there  will  be  no  variation.  Again,  anything  situate^  ,on  t\» 
meridian  a  A  C,  being  directed  to  s,  will  also  point  to  xi;  con- 
sequently there  will  be  no  variatfon  on  the  meridian  a  A  C^ 
Again^  the  meridians  a  s  b,  and  a,A  C  are  180°  distant  frqi^ 
each  other ;  therefore  if  the  needle  be  attracted  to  s,  a  poj,iit 
in  the  arctic  circle,  there  will  be  two  meridians  180°  distaf^( 
from  each  other^  on  which  there  will  be  no  variation.  Opf 
of  these  meridians  a  s  b,  will  be  that  on  which  the  magn^tie 
pole  is  seated,  and  the  other  that  where  variation  changes  its 
character. 

Variation  changes  its  character  after  passing  the  meridian 
a  A  C.  In  passing  from  the  meridian  a  s  b  to  a  AC,  the 
variation  will  be  westerly ;  because  the  magnetic  pole  s,  esti- 
mated in  direction  at  any  part  of  A:  ;r  /  is  to  the  left  of  the  true 
pole  a.  But  in  passing  round  the  earth  on  the  other  side  of 
the  meridian  a  A  C,  the  magnetic  pole  s,  wiU  be  to  the  right 
of  the  true  pole  a;  consequently  the  variation  will  be  easterly. 
Again,  in  passing  along  from  k  to  x,  and  /  departing  from;)^ 
variation  will  be  in  small  quantities  westerly,  gradually. uu 
crestse,  attain  its  highest  quantity  or  maximum,  then  dinajiy||^ 
and  vanish  at  L  Having  passed  I  on  the  meridian  a  A  Q  qa 
the  other  side,  variation  becomes  easterly,  continues .  sp  ijg^4> 
creasing  till  it  attains  its  maximum,  then  diminishes,  an4 
vanishes  at  A:. 

Moreover  if  s  the  magnetic  pole  be  conceived  to  m^fe  to 
r,  influenced  as  before  stated  by  the  movement  of  the  equinoc- 
tial pole,  any  place  x  will  experience  all  those  changes  before 
mentioned.  Whilst  s  remains  on  the  meridian  a  k^^  there 
will  be  no  variation  on  that  meridian,  or  on  (^A  Q.  As^ 
approaches  the  meridian  a  x,  westerly  variation  will  lessen  o^ 
a  X ;  when  s  shall  be  on  the  meridian  a  x,,  there  will,  l^g^po 
variation  on  that  meridian ;  s  having  left  a  x,  proceeding  ^o* 
wards  /,  variation  will  become  easterly  on  a  x,  continue  tp  m^ 
crease  as  s  advances  towards  r,  and  still  procee4ing  l^^yo^  f^ 
will  attain  its  maximum,  diminish  and  vanish  on  reaching  a 
meridian  180°  distant  from  ax. 

In  the  southern  hemisphere^  the  same  reasoiMng  ohjj;;^iiu; 
with  this  difference,  namely,  in  all  places  between  the  me^^ 
dians  b  D  g,  and  Cog,  there  will  be  easterly  variatioA ;,  )f§^ 
cause  the  magnetic  pole  o,  is  to  the  right  of  the  true  pole  g. 
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th^ ''s6iitllfem''rrragtijBti<r  pole-  wool4-be  situated,  nn'(J^  Aei'd 
'^ottld'herio  ^ri^tion  tfier^';  tdrtiii^fhitic^ on  tiiat*mei;idiari 
iir^Ctedto  o,"<he'  south  mitgiretfc  bol^^'iroftil^t  point  fcfg^',  fte 
8mit&p61e  of  thfe  earth:  Ag^iriSJD^g^^vyrtytflmthemmdiaiiin 
tHi  sbiithterti'  h«mis|Aere'Wh©4vafifilti6ir'^  fchatige"  itk 
rtSme,  and  there  wouldbe  xity  tiariatioli"npri^^^  for 

aAythmg  directed  td  a  w^idlfl  ^hHfo^  afed',  In  passing  froiji 
t)heof  these  meridians-^  TD'^'tti  C  6  g,'  variation  would  in- 
crease. Bind  decrease  in  ttie  mai;itf  er  before  stated,  in  relation  td 
{he  northern  hiemisplieiJe'7  but  t^ith  atn  opposite  charactet 
from  that  in  the  nbrttetti' h^piispnere.  If  in  the  northern 
hemisphere  between' ^  a  s^A,  atid  (t  A  C,  it  had  been  westerty 
Variation,  iw  the  sotithtem' htemisphere  between  b  T>  g,  and 
C  0  ^,  it  would  be  easterjy  variation.  There  are  other  con- 
aerations,  belonging  to  tne  subject  of  variation  in  the  south- 
ern hemisphere,  and  on. the  equator,  which  we  shall  not  at 
present  con6idT^r','btit'i-e]^erv:ethem  until  a  future  oqcasion." 
. '  These ,  then,;  are  'tKe  petenliarities  variation  would  assume  if 
tt^e-needle^as  attl^t1:ed tba  point  in^theardflc  citple.  Wri 
have  now  to  enquire^,  wl^^tlrer  these  pecmiimties  agree' witji 
^hat  has  beeA  discovered  in  nature;  at, differehi  tiiiiei  aric! 
Aflferent  places*  And  if  it  should  ap|)earthajt"0ierfeisr;a:Te^ 
X]|iiirkable  agreement  between  the  peculiatitiids  aboVe^Taoticedj 
tod  the  quantities  of  variation  foond  ih  tiatttre'^  ^an^  ^sb  if  It 
iftlorfld  be  found  that  the  movcmeritjCtf  fKe!ihamfetid  prile  ihay 
hfe-'efetirftated  in  a  certain  rebtion  by  the'kyb'vfeii^btion  of  the 
fe^iiinoctM^e,  it  is  hoped  the-  enqidt*y^4]l&/'n^t  be  consi- 
dered unworthy  of  investigation ;  though  i^p  reasbn  Ut  present 
can  be 'a^t^ed,  why  the  needle  should  biS'^ttjtabtedito'Et'jioint 
oritlr^  arctic  circle,  correspondent  to  the  plole  of  tke  ecjiptic. 
*  '"^  fii  orfffT  to  institute  a  comparison  between  the'^^antltifes  of 
^'&[mti6tj'fputid  Itt-nMure,  and  those  that  Would  be  getierated 
M^he-r^aiotiiog''  aSdncfed,  let  the  triangle  sxah^  considered 
filr  #'tit^in  tri^ti^le  s  U  z^zto  the  obliquity  of  the  ecliptic/ i  rt== 
Wim  ^fe-fetltude  of  the|ilace  of  oliservation  (x^)  sd^  i  irtb 
iRjbl^^l^  of  variation  at  the  plane  of  observation  (irVi.  and 
/ll  S^  ~  to  the  distance  of  the  meridian  on  which  a?  is  situated, 
fi-ctei  'jffie  meridian  o  6  g^,  on  which  the  magnetic'^dje  is;  is 
Sejtfidl  T  would  considei*  the  triangle -^ir  a  as  ap^p'ti'lAti^l'e; 
from  a  belief  that  the  needle  takes  the  shortest  coufsdHbjit'i 
fffii\5e'6f  attraction,  «nd  therefore  the  side*  ^  >  tm|ht"I)e  Ikdi- 
cSt^a  by  the  chord  of  the  arc  x  s,  and  So  witji^h'i  M'^^id'^ 
r^%<itrvely.  ,•...«   rr^- . . 
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,  Buf  9UB  tber^  Bxe,  tvr/o  meridians^  on  wj^ic^i  aecordwg'i<K 
former  reasonings  tb^e  would  be  no  variatipp^  itimay  be  weU 
fn^  th«  purpose  of  pemicuity >  to  distinguish  these  .mej^idjans 
l^y  some peouUar  a^p0liation«.  The  meridian  abgia,  thii^ .qa 
whiichi  the  magnel^ie.piple  ^9,  ia  situated^  consequently  th^  Wg}^ 
sax  expresses  tbf^  <£jEftanceof  the pneridian  ab  gj  from,  ^ 
meridian  ad ^^ thiBrefim: we. shaU  call  the  merid^n ai^^  t]>e 
north  magnetic  meridieii,  ,md  the  engle  sax  the  north  Tna^*; 
netic  distance  of  a?  the  plape  cf  pbsieryfition.  Again^  ^C,^  m 
the  meridian,  on  which  there  ia  also  no  vaariation^  acconung 
to  our  former  reasoning;  being  .that  meridian  on  whiqh 
variation  ceases^  and  beyond  whicb^  it  begins  to  change,  ^ts 
name.  The  meridian  a  C  gi  may  therefore  be  called  ihe 
ante-^magnetic  meridian,  and  the  angle  xar  will  be  the  sup- 
plemental angle  of  the  magnetic  disitance  {jL  sax)  iox  ike 
Z.  sa  X  +  Z.X  arz=.  180^.  We  njiay^  therefore,  call  the  / 
xar  the  ante-magnetic  distance q:^ the 3upplemeutal^mag- 
netic  distance. 

Now  the  quantity  of  variation  at  the  j^iace  Xj  might,  be.es^ 
tunated  if  the  z.  s  axyOt  the  magi^ketic  distance  of  the.  {dace 
of  observation  (x)  was  known ;  for  there  would  then  biei j^^^ 
th$  angle  sax  equal  to  the  magnetic  distance  of  the  p^cf^i;^ 
bbiervation  (:r^ ;  the  side  sa  equal  to  the  obliquity  o^i^ 
ecliptioj  and  tne  side  a  x  equal  to  the  co-latitude  of  tb^.plaj^iif 
of  (H)serv^iion  {x) ;  that  is  two  sides  s  a^xa,  and  an  iqjc^l|i^^ 
angle  s  a  Xy  to  find  the  angle  s  x  a^  When,  for  <j;eamiH 
before  stated,  treating  the  question  as.  a  case  in  plane  ^t^ilgc^ 
nomettyi  tha  following  formula  would  .give  the  angl^  ^^x^ft^ 
in  peaces  ^tber  within  or  without  the  an^tia  ourcl^f      ./,<,  i 

Twice  the  nat.  sixL  of  half  the  co-lat.  4-  twicf^  ^f^m-.th 
vuat.  jsin.  of  half  the  obliquity  of  4:he  edipfif  ^  rr-Unvun 

Is  to  twice  the  nat  sin»  of  hailf  the  co4f|t.,-7p,^jp9ef,jQ.^ 
the  nat.  sin.  of  half  the  obliquity  of  the  ecliptic. ' 

As  the  tan.  of  half  the  supplemental  magnetic 
distance 

Is  to  the  tan.  of  half  the  diffisrence  of  the  supple- 
mental magnetic  distance  (or  A). 

Then  half  the  supplemental  magnetic  distance  minus  A 
equals  the  angle  of  variation,  in  places  situated  without  the 
arctic  or  antarctic  circle:  and  half  the  supplemental  magnetic 
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«  • 

di'stoil<Jfe"+"  A' 4^uttb  the  angi^e  of'VttHatton,  a«  ^aces 

Mttfated'  WftWn  iM  airbtic  or  antaTCtit;  d^rites. '     :' '  ' 

^'^!t'  has  'b^en  said,  the  variation  might' ie  estiiriat^d  b^th* 
6lboVe"fc)*tniilft;  if  the  angle  B  a  a?/ ot  thfe'^tonetie  distttMe  of 
tRe'j^lace^aif  (any  place  of  obserttitfoh);^'#fei^*no4nt.  Birt  it  i« 
el^detit  the  ^uantitiesi  of  voriatldiiy'gyri^^i'^d'  under  the  rea- 
ddifiittgbefere  detailed,  might  ^fce'^MfeiifrM 'fo*  atiy  given  pa^ 
rWlel  of  latitude,  by  tidsttnring'  the 'Z'^J^'J^  as  successively 
^^ttal'to  r,  3^  3°,  4^  &c.  tb  ISO^^lidn  ttiriation  would  cease, 
it  being  the  meridian  a  A  g.  Agftift  cOnltinuhig'  the  angle  saa;, 
beyond  that  meridftin'  in  ia  ;dfescending  series  as  equal  succes- 
ditely  to  179^  178^=  lf7%  get.  to  0%  when  againe  on  the 
meridian  abg  there'  wbuld b^  ik)  variation.  N ow  the  quan- 
tities tbus  obtained  for  ev^ry  degree  of  latitude  ii^oula  em- 
bltlce  all  the  features^  of  vtirifetioa  throughout  180  degrees  of 
l^gitude,  according  to 'thl^  ifeasoning  before  detailed.  Again 
if  variation  cotddbcthiis' obtained  for  one  parallel  of  latitude 
it  might  be  obtained  for  every  one.  Then  the  quantities  thus 
jn'Oeured,  being  arranged  iti  tables,  according  to  the  angle  of 
ttlcir  diiStance  (s  a  a^)  from -the  magnetic  meridian,  in  the  se- 
veral paf  allels  of  Mitudte,  for  either  hemisphere,  would  indi- 
i^te  all  the  peculfaritiejgl  of  variation  for  every  part  6f  the 
WAHfi^  And  thus  the'vifews  of  variation  suggested 'by  out  for- 
ll^r 'Reasoning  be  brought  to' the  test  of  observation.  In^  order 
tb'^teffddt  such  an  object  during  Cipt.  Roste^*  firiit  voyage, 
fables  of  the  above  description  were  constructed;'  ahd  oU  his 
rfe^rii  the  observations  made  during  his  voyage  were  com- 
phr^d>  ^^  residtc/  dbtconed^  such  as  shown  m  thiel  foHowing 
table.  TUie' fourth  column  shows  the  disfeUce  of  the  place 
of  observation,  from  the  meridian  a  A  g,  when  variation 
chan^fes  ^ts  najne.  The  fifth  column  shbws  the  dist.  of  the 
meriaian  aPJj6ndon,  fet)m  that oi  a  Kg.  The  sixth  column 
is  the  distance  of  London  from  the  meridian  a  A  g,  derived 
from'lt'tii^an  taken  of  all  the  observations. 
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In  the  formation  of  the  tables  of  variation  from  which  the 
above  distances  from  the  meridian  a  Ag  were  obtained,  the 
sides  of  the  angle  sax,  that  is  <  a  the  obliquity  of  the  ecliptic. 


Mr.  Cooper^  on  a  Theory  intended  to  connect  Sfc,    529 

and  osaihe  co-latitude  of  the  place  of  observation  a:,  were  not 
taken  as  the  chords  of  their  respective  arcs^  but  were  taken  in 
extent  according  to  the  geographical  miles  contained ;  this 
was  thought  sufficiently  accurate  for  an  approximate  consi- 
deration. Therefore  quantities  somewhat  different  would 
have  been  obtained  if  these  distances  had  been  worked  for, 
according  to  the  formula  before  exhibited. 


LXXI V.  Facts  and  observations /or  the  purpose  of  illus- 
trating a  Theory  intended  to  connect  the  Operations  o/ 
JVature  upon  general  principles.   By  Paul  Cooper,  Esq. 

(^Continued  from  page  502,  J 

.  158.  In  these  experiments,  a  part  if  not  the  whole  of  the 
opposition  of  the  pktina,  proceeding  from  its  negative  state 
compared  with  hydrogen,  is  disposed  of  by  bringing  in  contact 
with  it  a  body  more  negative  than  hydrogen,  and,  consequently, 
more  .nearly  approaching  its  own  electrical  state.  1  have 
already  had  occasion  to  observe,  that  the  superior  electro- 
motive force  produced  by  the  addition  of  nitric  acid,  arises 
fromj  the  negative  character  of  the  body,  whether  it  be  nitrous 
acid  or  any  other  oxide  of  azote,  which  upon  its  decomposition 
it  leaves  in  contact  with  the  electrode  at  the  cathode  (90). 
If  tbi9  body  and  platina  be  nearly  equal  in  their  electrical 
forces  (98),  the  experiments  in  which  nitric  acid  was  intro- 
duceid  with  interposed  platina  plates  will  be  upon  a  level  with 
those  in  which  copper  was  employed  with  dilute  sulphuric 
acid^  ip.  the  former,  the  oxide  of  azote  and  platina,  and  in 
the  letter  the  hydrogen  and  copper,  being  nearly  equal  in 
their  electrical  forces,  the  metals  act  merely  as  conductors 
and  ,occ^sion  little  or  no  obstruction  to  the  current,  except 
that  w];ich  after  some  time  arises  from  a  peculiar  state  of 
their  surfaces.  (Researches  1030.)  It  appears  then,  that 
the  resistance  to  the  transmission  of  an  electric  current  by 
platina  plates,  is  chiefly  attributable  to  their  negative  state 
compared  with  hydrogen  (87) ;  that  when  zinc,  which  is 
positive  to  hydrogen  (86),  and  copper  which  is  nearly  equal 
with  it  (83),  are  substituted  for  platina,  the  resistance  is 
removed ;  and  that  this  is  also  the  case  when  a  body  nearly 
approaching  platina  in  its  electrical  character  is  substituted 
for  hydrogen  at  the  cathode  (90.  98). 

159.  I  will  now  endeavour  to  trace  to  its  cause  the 
peculiar  state  of  the  surfeices  of  the  interposed  plates,  to  which 
I  have  just  alluded,  and  which  Dr.  Faraday  has  more  fully 
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described  in  the  follawltig  extracts  •  horn  •  lus  fixpaiiuto^ 
Resefttehes.  ..■"•*•»*  i 

'^In'an  experiment  in  which  one  \oltaiei<  pair  ^sndtHia 
interposed  platina  plate  were'  used  witk dilate  Bulphuric  acid 
in  the  cells,  fig.  82y  the  wires  of  commumcation  mienaffto 
arranged,  that  the  end  of  that  marked  3  could  be  pboiBdi  at 
pleasure  upon  papet  moistened  in  the  solution  of  iodide  4jS 
potassium  at  x,  or  directly  upon  the  platina  plate  there.  '  If 
after  an  interval  during  which  the  circuit  had  not  beem  oofittf 
plete,  the  wire  3  were'placed  upon  the  paper,  tba*e  msB enrideiioi 
of  a  current,  decomposition  ensued,  and  the  galTAiKHaietito 
was  affected.  If  the  wire  3  were  made  to  touch  the  metal  of 
Py  a  comparatively  strong  sudden  current  wae  produced^ 
affecting  the  galvanometer,  but  lasting  only  for  a  momeat!; 
the  effect  at  the  galvanometer  ceased,  and  if  the  wire>3  were 
placed  upon  the  paper  at  a,  no  signs  of  deoompoBitiekl 
occurred.  On  raising  the  wire  3,  and  breaking  the^eiifeait 
altogether  for  awhile,  the  apparatus  resumed  its  firBt-powei; 
requiring  however,  from  five  to  ten  n^nutes  for  this  puxpose^ 
and  then,  as  before,  on  making  contact  b^wete  ^3  dnd  p, 
there  was  again  a  momentary  current,'  and  immediately  ^^.aH 
the  effects  apparently  ceased."    (Reseaivhes  1036*^  .  •  vi-.o'^-r 

160.  If  the  apparatus,  fig.  82,  be' left  in  actiMKJbogli 
hour  or  two,  with  wire  3  in  contact  with  the  plate  p,  i90SMtl» 
allow  a  fr<^e  passage  to  the  current,  then,  though  th^-'eoatect 
be  broken  for  ten  or  twelve  minutes,  still,  upon  its  renfewai^ 
only  a  feeble  current  will  pass,  not  at  all  equal  in  £itfck  to 
what  might  be  expected.  Further,  if  P  ^  and  P?  be  cottneqtfd 
by  a  metal  wire,  a  powerful  momentary  curtent  wiU<pas8  hodx 
P*  to  P^  through  the  acid,  and,  th^reforey  W)  then  xevmie 
direction  to  th&t  produciedby  the  action  ottim  fltmp  fidi  tUe 
arrangement;  and  after  this  has  happened^  tfa^ gtsneralFoaii- 
rent  can  pass  through  the  whole  of  the' system  las^at  ftdst,  luCt 
by  its  passage  again  restores  the  plates  P^tamokjiFv.iDrtoq^ie 
former  opposing  condition.'*    (Reseeirches>ld404i:  *   '^  J'ffp 

161.  In  the  first  of  these  experimentsyAinwhicliftfaei'flb- 
cuit  was  completed  by  placing  the  wire  Supon- tbe:pepar, 
it  is  probable  that  the  electrolytic  arrangeneoit  di^sc^ibfd 
in  fig.  82,  did  not  take  place,  at  any  rate  b^ond  the  firsfioeB, 
and  that  the  current  was  condueted  thxioag^  oeB  I!/ta^/it 
would  be  under  ordinary  cirmmslaiices  (110).  Batvfbm 
the  wire  3  was  made  to  touch  the  metal  of  p,  tisLe  oireuit  vris 
completed  by  metallic  contact,  and  the  current  fmn:  tl^ 
platina  to  the  zinc  took  place  upon  gdvaaic  prinieiples 
independent  of  cheftiical  action  (59).  Th^  force  of  thi $  te«^ 
porary  current  would  produce  the  arrangemeni  des<tribed-  in 


fi|^i  SU^iw^d  ft  «kal*respokidmg  mrr^xkt.AhWfi^ti^  4\ii4^,  ]bi|l» 
the  current  arising  from  galvanic  action  .mufit  cease.  ipjH^p^^ttigi 
aiBtak^ibeingtbKiw^gbt  to  a  states <ifequilpjiMrium  with  Abei^Mes 

b«ctibn^{iiiii(lildto<cireuit  be  Again  l^obflOi^^  U8)^  ..NffW^s 
iipowtkne  passing  erf >the  current^  tbe electrolyte  will bebrp^f bt 
to  (ftye»'iitate  lepresebted  in  fig<  89}  iiib.Y^hiqb  the  hj^ijj^f^^ 
ekbev^ wholly  or partiaily  sepaasatedfrpm  jts OKygen,  will pre-» 
sent  ainegativc  surface  to  the  induced  positive  surface  of  th^ 
phminaift  both  cells;  and  the  Qlcygen  a  positive  surface  to  the 
•Dduoed'surfece  of  tbe^  zinc  in;  <9eU  I>  and  to  the  similar  eur&ce 
«f  the  pktina  ia  <iell'IhL  U^ixm^t  these  circumstaace^^  ihn 
ibepafatioa  of.  the  l>xygen  from^the  hydrogen  be  completed^  it 
n^ili  UBite  with  theaiAc  in  ooHI)  and  the  acid  present  will 
dissolve  the  otide  f  but  thisr  will  sot  be  the  case  in  cell  1 1^ 
and  the* arrangement' there  represented  will  continue.  When> 
tberefeire^  upon  the  breaking  o£>th6  circuity  by  the  separation 
4)fitke oxidizedsincf itt^ the  first  cell^ it  is  again  comjdeted by 
a  renewal  of  th^  •arraHigeiiien^  represented  in  cell  I,  fig.  82^ 
the^cdectrerlyte  in  the  second,  cell  will  remain  as  represented 
in  cell  Ily  fig«/83  ^  in  which  the  oxygen  presents  to  the  current 
li'SQ^ce  already  posajtive^  and^  coa^equendy,  incapable  of 
receiving'any  fhrthersuj^ly :  and)  as^ts  pcdar  state^preventf 
its  oondBcdng  in  the  <ndiaary  manner,,  the  current  must  be 
altiigether  suspeisdedi  N  o  signs  of  decomposition^  therefore^ 
ocoonrred  if  the  wire^  under  these  circumstances)  w^replaced 
on^^he  paper  at  ^. 

"'  1€&    On  breaking  the  circuit  altogether  for.awhiler  the 

iBKpparatus  resumed  its  "first  power^  requiring^  howevei^  from 

'fivei toitetimiuuteftfor  this  purpose*     Upou.removix^  th^ 

wiser  d^  th^  obcuit  having  been  at  least  partially  broken  in  eell 

tij  i  the  ]9latee  W6uld  resume  their  usual  stater,  aa  upon  the 

hveakmgKtrf  th&  cifeiomi  by  the  removal  of  the  ,wire  A  B  in  %. 

fKL  J^tte  return' to  this  state,  however,  would  receive  some 

i^lpalitiotf  fr^mthe'airangement  represented  in  cell  1 1,  fig.  83^ 

and,  perhapi^^  by  la^artial  similar  arrangement  in  cell  I;  and> 

-tiierrfdrei,  time  i  would*  be  required  to  produce  it.     When  the 

iHrer>3iii^iis  left,  in  eontact  with  the  plate  p,  for  an  hour  or 

itwb/  ^thb  opposition  produced  by  these  causes  became  more 

( bonflrmied  ;  fer  thou^  the  contact  was  broken  for  ten  or 

itwdv^  failnuteS,  still,  upon  its  renewal,  only  a  feeble. current 

fwils/produced.  •  The  arrangement  represented  in  fig.  8^,  now 

i^beeame  more  general^  and,  consequently,  its.  opposition  more 

•pt^nminent. 

'  'ii63.  This  e^lanation  isfioTth^r  confirmed,  by  .the  experi- 
ment in  which  a  reverse  current  was  produced,  passpg  through 
ih^aeid^omP^'tOfPS  when  these  plates  were  connected 
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by  a  metal  wire.  .  This  mode  of  connecting  the  plates  P'  to 
P%  would  render  them  with  the  contents  of  cell  II,  an 
independent  circuity  unconnected  with  the  unc  plate  or  any 
other  part  of  the  system.  Under  these  circumstances,  the 
hydrogen  would  induce  in  the  platina  with  which  it  is  in 
a  negative  surface,  (platina  being  negative  to  hydrogen)  and 
the  state  thus  induced,  cQjaducted  through  the  wire  from  P^ 
toPS  would  induce  the  opposite  state  in  the  latter,  on  the 
surface  in  contact  with  the  oxygen.  The  state  of  the  plates, 
therefore,  in  cell  1 1,  will  be  brought  by  this  operation  to  a 
polar  state  the  reverse  of  that  indicated  by  the  signs  prefixed 
to  their  respective  surfaces  in  fig.  83 ;  and  the  current  will 
flow  from  the  negative  surface  of  P*  through  the  dilute  acid 
to  P*  :  in  doing  this  it  will  reverse  the  poles  of  the  electrolyte, 
as  it  is  represented  in  fig.  83,  and,  thus,  bring  it  to  the  state 
represented  in  fig.  82.  The  separated  atoms  of  oxygen  and 
hydrogen  in  contact  with  P^  and  P*  will  again  form  particles 
of  water,  and  the  fluid  in  cell  1 1  will  be  restored  to  the 
jelectrolytic  order  represented  in  fig.  82. 

164.  This  experiment  corresponds  in  principle  with  that 
(represented  in  fig.  85,  Plate  XL,  Vol.  2)  in  which  atoms  of 
oxygen  and  hydrogen  were  converted  to  water  by  the  influence 
of  platina  (88).  When- the  plates  P*  andP*  are  connected  by 
a  platina  wire,  the  plates  and  the  wire  form,  in  fact,  as  it  relates 
to  their  galvanic  action,  a  single  mass  of  platina;  and  the  circuit 
formed  by  the  electrolyte  is  to  all  intents  and  purposes  a  local 
circuit.  The  hydrogen  induces  a  negative  surface  in  the  part 
of  this  metallic  mass  with  which  it  is  in  contact,  and  this, 
propagated  through  the  metal  as  in  other  local  circuits,  pro- 
duces a  positive  surface  where  it  is  in  contact  with  the 
oxygen;  the  current,  then,  in  accordance  with  the  general 
law  (54),  being  from  the  negative  to  the  positive  surface, 
would  only  tend  to  confirm  the  existing  polarity  of  the  elec- 
trolyte as  it  is  represented  in  fig.  82 ;  but  it  would  revesse  it 
as  it  is  represented  in  fig.  83,  and  increase  its  intensity  as  it 
is  represented  in  fig.  85,  Plate  XL,  Vol.  2 ;  and  thus  restore 
the  cohesive  union  of  the  atoms  of  oxygen  and  hydrogen  in  one 
case,  and  produce  it  in  the  other.  1  his  remarkable  and  un- 
expected coincidence,  developed  by  experiments  so  totally 
different,  is  strongly  confirmatory  of  the  correctness' of  the 
principles  upon  which  the  explanations  of  both  are  founded. 

1 65.  Having  applied  my  theory  to  a  few  of  the  experiments 
of  Dr.  Faraday,  which  appear  to  me  to  present  the  greatest 
difficulties,  I  shall  next  proceed  to  some  experiments  of  Dr. 
W.  C.  Henry,  which  will  illustrate  the  same  principles.  I 
havebeen  led  to  these  experiments  by  their  almost  immediately 
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following  the  part  of  Dr.  Faraday's  that  have  jnst  engaged 
my  attention,  in  the  work  from  which  they  were  taken.* 

155,  The  discovery,  first  made  by  Dobereiner,  that  the 
union  of  oxygen  and  hydrogen  is  induced  by  the  presence  of 
spongy  platina  at  the  ordinary  temperature  of  the  atmosphere, 
and  the  more  recent  discoveries  of  Dr.  Faraday  that  plates 
of  that  metal,  as  well  as  plates  oi  paladium  and  gold,  produced 
the  same  effect,  led  Dr.  W .  C.  Henry  to  the  investigation  of 
the  cause  of  the  inferiority  of  other  metals  in  detaining  the 
union  of  these  gases.  In  the  course  of  this  enquiry  he  found 
that  the  oxidizable  metals  required  to  be  heated  to  nearly  the 
boiling  point  of  mercury  before  they  induced  the  silent  union 
of  the  gases ;  and  that  then  it  was  accomplished  by  the 
intermediate  oxidation  of  the  metal,  which  alternately 
absorbed  the  oxygen  of  the  air  and  yielded  it  to  the  hydrogen. 
He,  therefore,  concluded,  that  these  metals  do  not  determine 
the  direct  union  of  hydrogen  with  free  oxygen  at  any  tempe- 
rature ;  but  that  the  conversion,  and  the  incandescence  which 
accompanies  it,  is  due  to  a  succession  of  alternate  reductions 
and  re-oxidations. 

167.  The  temperature  at  which  the  union  of  the  gases  is 
determined  by  these  metals,  is,  however,  still  lower  than 
that  which  would  enable  them  to  combine  spontaneously, 
although  the  oxygen,  being  in  the  first  instance  cohesively 
united  to  the  metal,  must  be  presented  to  the  hydrogen  under 
circumstances  which  will  require  it  to  be  disconnected  from 
one  body  before,  or  at  the  same  instant,  that  it  is  united  to 
the  other.  I  am  acquainted  with  no  other  means  of  accom- 
plishing these  objects,  than  by  forming  circuits  in  the  man- 
ner that  has  been  so  often  described. 

Let  the  metal  be  copper,  and  let  it  be  surrounded  with 
oxygen  and  hydrogen,  the  metal  being  at  the  required  tem- 
perature. This  temperature  is  higher  than  what  is  required 
to  produce  the  spontaneous  oxidation  of  the  metal,  though 
not  sufficiently  high  to  produce  the  spontaneous  combustion 
of  the  gases  (166).  Some  of  the  atoms  of  the  copper  will 
*under  these  circumstances  be  cohesively  united  to  the  oxygen; 
and  the  particles  of  oxide  thus  formed,  the  oxygen  being  the 
positive  element,  will  be  presented  to  the  gaseous  mixture  in 
the  polar  state  represented  in  fig.  84. 

168.  The  oxide  of  the  copper  will  be  negative  to  the  atoms 
of  the  same  metal  which  are  not  oxidized  (169.  174) ;  and 
circuits  will  be  formed  from  one  to  the  other  by  the  surround- 
ing gases,  in  which  the  atoms  of  oxygen  and  hydrogen,  under 

*  Philosophical  Magazine,  Vol.  VL  p.  354. 
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the  inflttetice  of  ekietric  affinity  (88),  will  foUow  each  other 
alternately  (See  figi  85  and  86).  The  eleetivei  affinity  ^iv^oh 
is  exercised  in  this  olse,  is*  regulated  by  a  force  preciBelrf  ajtni» 
lar  to  that  whicb  directs  Che  negative  body  to<the>pawtm 
sur&ce^  and  the  positive  body  to  the  negative  -saifaoie/t^in 
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forming  electrolytic  arrangements. 

169.  The  atoms  of  cqpper  in>  figures  85^  and  86^  are  e;ofpi 
posed  to  be  parts  of  the  same  molecule  of  the  metal;  and  the 
arrows  are  intended  to  show  the  direction  of  the  cKrraiiK 
The  particles  of  oxide  being  negative  to  the  pure  metal*  (174) 
induce  upon  the  atoms  of  the  latter  positive  surfiiiee»;  wm4 
these  surfaces^  propagated  in  the  Usual  manner,  terminate  ili 
negative  surfaces,  the  development  q£  which  must  be  greatly 
assisted  l^y  the  molecular  state  of  the  mdtal.  The  oitygdi^ 
the  positive  element,  is  directed  towards  the  negative  «urfac€r| 
and  it  is  followed  by  hydrogen  and  oxygen,  ahemately,  tiniS 
the  circuit  is  completed,  by  an  atom' odF  hydrogen,  withth^ 
particle  of  oxide.  Under  these  circumstances,  the  current  in 
accordance  with  the  general  law  (54)^  being  from  the' negative 
surface  of  the  co{^er,  the  poles  of  the  gaseous  atoms  in  the 
circuit  in  fig.  85,  are  reversed,  and  brought  intaibe  state  r^i 
presented  in  fig.  86.  In  this  figure  the  oKygen^  ie  onitedte 
the  coppep  with  which  itivas  in  contaot  in  ^g.  85,  mkl  Ithe 
atoms  'of  oxygen  tmd  hydrogen  foilowing*  from  portldesktef 
water;  the  terminating  atom  of  hydrogen  uniting  withjthe 
oxygen  of  the  oxide,  the  poles  of  both  being  revttned.  .  Ifi  the 
particles  of  water  thus  formed,  being  exchaaigdd  for  atbnuniif 
oxygen  aild^hydrogen  so  as  to  reproduce  thftiarcangein«itihl 
fig.  86,' which  from  the  high  temperaAtre  andfcoilaeqiieiU; 
gaseous  state  of  the  water  will  be  readily  effeoted^itbenuiretit 
will  again  take- place,  but  in  a  reverse  diieotioo:^  the  portiolp 
of  oxme,  represented  in  fig.  86,  will  be  reduced^  andiiaj^ain 
formed  aald  prepared  to  repeat  the*  opeiMio&jas  his  reppesenlMJl 
in  fig.  85«  '  The  temperature  tieqAked  tO'  ocxntibue  thesett^- 
rations  will  of  course  be  preservedbytheitnioi^of  tb^jdbqygilli 
with  the  hydrogen;  and  the  superfluous  light  will  vecdeiilthjb 
metal  incandescent  by  its  radiation.  Itds.probable  thftlthe 
metal  is  veduced  by  hydrc^n,  in  the  tabseaee  of  oxjRgan^  Vj 
circuits  formed  in  the  oxygen^  alone,^  upon  the  same^prino^^ljai^ 

*  SeeCapt  Yorke'9  exp^ipients  in  which'  be  disoot^i}^)  ^lip 
tieeatiy^  character  of  oxide  of  lead.    Phil.  M^f  •  Ypl-  Y*  ¥*9^  ( j 
\    S^  alfio.M«de,laK^i^^'B  Bes^arcbe8,in  which  it  is  stated thatp^ 
oxide  of  Qi^^ane^e  is  negative  to  platina.  Phil,  Mag.  Vol.  If.  p.  2^8. 

M.  SthbenDaen  lately  cRscovered  that  peroxide  oflead  is  negative 
to  platind:  and'  that  peiH)xide  of  silver  is  negative  to  peroxide  df 
lead.    HiiiMag.Vbl.Xn:p.2«5. 
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'  the  mmaiiider  of  thifi  paper  wiH  be  chiefly  devoted  to  the 
application  o£  these  principles  to  the  peculiar  voltaic  condition 
of  <Mon  ^discovered  by  Professor  Schoenbein.    It  may  not  be 
«iiiiss  tO'fitatB  in  general  terms,  that  the  protection  given  to 
inon^in^l-euch  cases,  arises- from  its  presenting  to  the  acid  a 
positive   surfece,  with    which  oxygen,  a  body  electrically 
positive  to  irto,  cannot  cohesively  unite  (103). 
^.  The  protection  given  to  zinc,  by  amalgamating  its  surfaces 
xith  mercury,  arises  from  the  same  cause. 
(    170.    It  nmst  have  been  observed  that  in  the  whole  of  the 
t)receding  experiments,  in  which  a  cohesive  union  is  formed; 
it  invariably  takes  place  between  a  positive  sur&ce  of  th^ 
positive  element,  and  a  negative  surface  of  the  negative 
element.     I  have  afaready  shown  the  impossibility  of  forming 
&>  permanent  connexion  between  such  elements  upon  any 
other  principle  (102);  and  my  object  will  now  be  to  apply 
this  prmciple  to  the  explanation  of  various  other  phenomena: 
>   171.     If  we  put  a  copper  plate  upon  a  zinc  plate,  it  has 
been  shown  that  the  surface  of  the  zinc  presented  to  the  cop^ 
fier  will  be  positive,  and  its  opposite  side  negative  (49) ;  but 
if  we  put  the  feino  plate  in  contact  with,  and  between,  two 
tfimilar  oof^er  plates,  it  will  present  positive  surfaces  to  both> 
iaofed  the  corresponding  negative  sutftces  wiH  fiice  each  other 
lowards  <the  centre  of  die  plate.    It  would,  perhaps,  be  diffi* 
irultfto  bring  copper  plates  of  precisely  equal  power  into  action 
in i this  manner;  but  by  amalgamating  the ^ plate  upon  the 
^an  ctiBCovered  by  Mr.  Sturgeon,  we,  in  effect^  do  ^>same 
thing  T' we  surromid  the  zinc  plate  with  a 'metal,  wiiich  is 
reittlively  negative- to  it,  and  thus,  agreeably  to 'the  laws  of 
lilectcicaliaation,  induce  upon  it  a- positive  stirfiBce.     The 
pofitnre  ptdes  t>f  the  atoms  of  the  plate  beingipcesented  to  the 
aaacssreutialcpatiaa^  in  all  directiens,  the  correq)ondittg  negative 
qpdbspjDaust  ^be  directed  towards  the  inteioior  .of 'tbd  plaAe. 
ThesK  isDO'demdopmelit  of  these  pd.es  upon!  the  atcrfae^  'of 
the/piate ;  beeause  the;fdroe  whieh  induces  a^(^tive  polarity 
is  theisamdluponievery<part  of  this  surface. 
',    11i^<  Inithisriarrangeiiient  we  have  a  dcHible  protection. 
vWeihffye,  in  ilur  first  place,  the  protection  ol  an  uniform 
sur^aoc^  upon  which  there  can  be  no  inducement  toform  local 
circuits ;  and,  in  the  next  place,  we  have  an  uniformly  posi* 
'4!i4rd 'Surface,  between  which  and  oxygen,  or  an  ^hei*  pdsitive 
eleiiarei:<t,  there  can  be  no  chemical  union  (109).     If,  hdlttever, 
'the  dmalgamated  plate  be  brought  into  contact-^rtth  a  thetal 
of  higher  negative  ^ower  than  mercury,  such  as  do^er  ot 
platina,  these  conditions  are  removed;  the  zinc  becomes  mqre 
highly  positive  at  the  points  o£  .contact,  an/S^  p0r^sgK)ndjn^ 
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negative  surface  is  developed  on  some  other  part  of  the  {date. 
Circuits  are  now  formed  by  the  surrounding  fluids  from  the 
negative  surface  developed  upon  the  zinc^  to  a  corresponding 
positive  surface  developed  at  the  same  time  upon  the  negative 
metal ;  and  the  oxidation  of  the  zinc  proceeds  at  its  negative 
surface^  with  the  usual  current  through  the  fluid  to  the  posi- 
tive surface  of  the  negative  metal^  where  the  negative 
elements  are  deposited.  The  same  effect  is  produced  when 
the  amalgamated  plate  forms  part  of  the  arrangement  of  a 
voltiedc  battery;  but  the  instant  the  circuit  is  broken,  in 
either  of  these  cases  the  amalgamated  zinc  plate  presents  its 
uniformly  positive  surface,  and  chemical  action  is  again  sus- 
pended. 

173.     We  have  now  arrived  at  a  point  in  the  enquiry  froo^ 
which  we  may  easily  extend  our  views  to  the  peculiar  voltaic 
condition  of  iron  discovered  by  Professor  Schoenbein.     The 
following  is  an  abreviated  account  of  this  discovery.*  ^^  If  one 
of  the  ends  of  an  iron  wire  be  made  red-hot,  and  after  cooling 
be  immersed  in  nitric  acid,  sp.gr.  1.35,  neither  the  end  id 
question  nor  any  other  part  of  the  wire  will  be  affected,  whilsti 
the  acid  of  the  said  strength  is  well  known  to  act  rathen 
violently  upon  common  iron."    **  By  immersing  an  iron  wire 
in  nitric  acid  of  sp.  gr.  1.5  it  becomes  likewise  indifferent  ta 
the  same  acid  of  1.35.'*    *' Any  number  of  iron  wires  may  be 
made  indifferent  to  nitric  acid  by  the  following  means: — d» 
iron  wire  with  one  of  its  ends  oxidized  is  made   to  touch 
another  common  iron  wire;  both  are  then  introduced  into 
nitric  acid  of  sp.  gr.  1.35,  so  as  to  immerse  the  oxidized  eitd 
of  the  one  wire  first  into  the  fluid,  and  to  have  part  of  both 
wires  above  the  level  of  the  acid.    Under  these  circumstances 
no  chemical  action  upon  the  wires  will  take  place,  fon  ithe 
second  wire  is,  of  course,  but  a  continuation  of  that  provided 
with  an  oxidized  end.     But  no  action  occurs,  even  after  the 
wires  have  been  separated  from  each  other.    If  the  seoond 
wire,  having  become  indifferent,  be  now  taken  out  of  the  acid, 
and  made  to  touch  at  any  of  its  parts  not  having  been  im- 
mersed, a  third  wire,  and  both  again  introduced  into  the  acid 
so  as  to  make  that  part  of  the  second  wire  which  had  (pre- 
viously been  in  the  fluid  enter  first,  neither  of  the  wires  will 
be  acted  upon  either  during  their  contact  or  after  their  separa- 
tion.'*   "  A  wire  made  indifferent  by  any  of  the  means  before 
mentioned  is  immersed  in  nitric  acid  sp.  gr.  1.35,  so  as:  to 
have  a  considerable  part  of  it  remaining  out  of  the  fluid; 
another  common  wire  is  put  into  the  same  acid,  likewise  hav- 
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ing  one  of  its  ends  rising  above  the  level  of.  the  fluid.  The 
part  immersed  of  this  wire  will,  of  course^  be  acted  upon  in  a 
lively  manner.  If  the  ends  of  the  wires  which  are  out  of  the 
acid  be  now  made  to  touch  one  another^  the  indifferent .  wire 
will  instantly  be  turned  into  an  active  one."  Any  metal 
connecting  the  two  ends  of  the  wires  in  question  produces 
the  same  effect  as  their  direct  contact.,  ^^  A  platina  wire  was 
connected  with  (what  we  call*)  the  negative  pole  of  the  pile, 
an  iron  wire  with  the  positive  one.  The  free  end  of  the  pla- 
tina wire  was  first  plunged  into  nitric  acid  of  sp.  gr.  1.35,  and 
by  the  free  end  of  the  iron  wire  the  circuit  closed.  Under 
these  circumstances  the  iron  was  not  in  the  least  affected  by 
the  acid;  and  it  remained  indifferent  to  it  even  after  it  had 
ceased  to  perform  the  function  of  the  positive  electrpde." 

During  the  inactive  state  of  the  wire  the  oxygen  arising 
from  the  decomposition  of  the  water  was  evolved  at  the  anode 
in.  the  same  manner  as  if  the  electrode  had  been  platina.^ 
But  '^  if  the  evolution  of  oxygen  at  the  anode  be  ever  so 
rapidly  going  on,  and  the  iron  wire  made  to  touch  the  nega- 
tive electrode  within  the  acid,  the  disengagement  of  oxygen 
is  discontinued,  not  only  during  the  time  of  contact  of  the 
wires,  but  after  the  electrodes  have  been  separated  from  each, 
other." 

It  is  an  indispensable  condition  for  causiDg  the  evolution  of 
oxygen  at  the  iron,  wire  to  close  the  circuit  in  the  manner 
before  mentioned ;  for  if  the  circuit  be  closed  with  the  platina 
wire  or  by  first  plunging  one  end  of  the  iron  wire  into  the 
nitric  acid,  and  by  afterwards  putting  its  other  end  in  con- 
nexion with  the  positive  (negative)  pole  of  the  pile,  a  nitrate 
of  iron  is  formed,  even  in  an  acid  -  containing  400  times  its 
volume  of  water. 

174.  It  will  be  readily  perceived  that  all  the  experiments 
which  accompany  this  discovery  are  consistent  with  the  sup- 
position that  iron  wire  when  in  the  peculiar  state  presents  to 
the  acid  a  positive  surface  ;  and  that  this  is  the  case  we  shall 
be  able  to  show  in  a  sufiicient  number  of  instances  to  render 
it  probable  that  this  is  the  foundation  of  the  general  principle 
upon  which  the  iron  is  protected. 

In  the  explanation  of  Dr.  W.  C.  Henry's  experiments  (169), 
we  arrived  at  the  conclusion  that  the  oxide  of  copper  is  nega- 
tive to  copper :  and  in  the  experiments  of  Captain  Yorke,  to 
which  we  then  referred,  it  was  proved  that  although  pure  lead 
is  positive  to  iron,  when  oxidized  it  becomes  negative  both  to 

*  What  I  call  the  positive  pole  (62). 
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iron  and  copper.^  We  have  eonseqtf^tfy^  watM  ^antmd  fitf 
assuming  that  the  OKide  produced  by  hitoimg  t^e^^^^'th^ 
ir&ft  enerimwt^  ^b»  ne^tive^  to  the  iron  \  aIld^^ >tt^tk^^-- 
§bT9f  iiMRoed  npofn  the  wir^  a  positive  «tirfaiie  \  ^rjifM  thd  dttitte 
principle  that  mercury  produces  a  positive  surface  upon  _^t^ 
(17(y).  Again^  we  'found  upottinve«tigttting  the  cadse  ^f^  ihe 
additional  eieetro-n^otiv^ 'force  derived  ftom  the  addition  of 
nitric  ncid  to  the  efectr^lyte^  that  the  acid  when  deprived  ^6f 
part  oi  ite  oxygen,  left  nitrous  acid  op  someother  oxide  of  a^2^ 
ina  state  highly  negative •  at* thd^eathode-^tislead  of  faydrc^tr 
(90.  158).  Now,  it  afppears  ve*y  '|)robal)le  that  when  iron  i» 
plunged  into  strong  nitric  acid/  part  ef  its  oxygen  ctmibinest 
with  the  iron,  leaving  this  negative  principle  adhering  to  it^ 
surface ;  which^  in  accordance  with  tiie  laws  of  electrical 
action;  will  induce  upon  this  surface  a  positive  pdarity.   * 

175.  If  we  admit  that  the  ends  of  the  wixH^  thsa  prepm:^ 
at«  rendered  positive,  our  previotM  qbseervatSotlB  willaccount  for 
dieir  inactivity  ( 1 70).  Ekit  hi  every  'Othel'  ^aiie  tor  irkieh  ^d&t 
attention  has  been  directed^  the  surfhbes  have' resumed'  thi^ 
natural  state  upon  the  removal!  of  the  darangiiigferee;  wher^^ 
in  the  present  instance,  the  whrenet  only  retaitts'  itapecidiai' 
condition  when  removed  from  the  acid,'  biit  is  capaldeof  cO)§^^ 
municating  it  to  other  wires  with  which  it-' is  associated'";*  6ie 
dtate,;  ttK^refbtfc,  to  whieh'  the  iron  is  brcfugbt  in  tJ^ese '  ^x^ifL: 
inents,  is"  in  sctme  degree  fixed  in  the  Wire  t  that  io^  'W^  fifftf 
fkr  fiHed^astd  retain  its  state  until  a  greater  ftme*  ^'^' 
opposll^  charaetfeif'k  brought  to  act  upon  if.    •  >y'^^<\  «^' 

1 7&  'N6w,  the  only  state  of  derangemeiMr  Ih^t  we'^cM* 
communicate  to  bodies  which  are  capableiof  being' fix^enj/^  and- 
then  |)(iK>pagated'to  other  bodies,  is  the  in«(gtietie^^i[^.^''(I# 
the  p^eaent  <7ase  we  have  a  metal  known  to  be'^ilgh^^ii^pf^ 
ttbte  of  ma^rif^tid'm ;  aiid  which  only  ireqafres 'fik^^fft^^M^^ 
b€^'<^  adnfl^rMt  c^iacity  for  light  to  be  immovedb^ei^iK^ 
oiat^d'tiih  it;  in  otder  to  fix  its  atoms' in  the  fatdte'bf^mffii^ 
mentwhteh  is  communicated  to  them,  bi  tUcCbnikt^^fmi^ 
ficialnj^gnet,  this  body  is  found  in  the-catb^n'^y  w^iUfi^ffi^ 
iron  is  conv^ted  to  steel ;  and  it  is  rendered  itnmoVcJ^K  i)^ 
hardenti^.  -  In  the  experiments  befi>re  tfs^  when'th|b  pefiSUar 
conAttiM^  i«  commuhicated  by  heat,  thelbreigR4)ody'M>MSfflP 
iir  the^'djiide'  whieh  is  fixed  on  the  surfacetif  thi^  Wh^i^4idP 
When^  th^^ire  is  plunged  into  strcni^  nitric  acid;  4f^iii>fdti[if& 
inM-^ii^  of  the  acid  deprived  of  its  oxygen  by^he  iv^ilie''^^'^ 

■♦'By'sl'Vbhfmtitiieation  received  from  M.  Scfioetibein  rfnci^'tHfe'^ 
above  was  written,  we  learn  that  peroxide  of  lead  is  negative  to 
platina,  and  that  peroxide  of  silver  is  negative  id  belhi'  ■  '    <   ">  * 
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^^  IKy^Q.  fo Jiwd  hj  f  tfe^e.  i^ean*, .  A  aiagld  section  of  otQms^ 
ii;\f9^^$^iK'i>(  £^  di^e^t  ekNcti:io«d  i(<>m>  is  fully  suiGgfiieat 
tq/c^/pai»uwcp.tej.tQ  extend,  apd  to  »^i».tlie  d^rapgomwt; 
ipQVi^  {MTrtiipi^Sirly  iu  'b^  body  ^of  ai^^h  (Wivpiir,  dimQn^ion^^afr  n 

...  1 7  7.  It  is  necessary  to.  ohsejnrp^  ija^kt .  a  body,  aay  part,  of 
l^fbich  is  iu  a  state  of  derang^B^euli,  ^a^t^^^da  itj  from  atom  to 
i^ofa,  to  other  parts  of  the  body  a^d  to  other  bodies  m  mic- 
c^8fi^^,  uutil  the  fori^e  is  es^austedji.apd  the  derangexaent 
tbus  extended  is.  precisely  jeiimlar  to.tbie  original,  whatever 
j^9,j  be  its  character,*  When,,  therefore,  the  positive  polarity, 
which  Gcmstitutes  its  peculiiBtr :  condition,  was  communicated 
to  the  end  of  the  wire>  in  these  experiments,  it  was  imme^ 
diately  propagated  from  the  end  to  every  part  (^  the  wire^ 
and  to  any  oUier  wirea  brought  into  contact  with  it.  But  the 
derangement  communicated  to  unprepared  wires  by  mduction, 
will  only  continue  while  the  inductive  or  deranging  force  is  in 
action,  unless  it  be  fis^od  by  some  other  means  deviously  to 
its  removal;  the  conunou  wire,  therefore,  while  under  Une 
influence  of  the  peculiar. wire,  is  plunged  into  nitric  acid  sp^ 
gr.  1.35,  which  appears  to  ,luive  the  power  of  filling  the  de- 
ci^og^ment,  though.  U;  hia^  not  the  power  toconmunicate  it. 

.,i^78»  It  is  necessai^^  hpwever,  tha^  jbb^  state  erf  derange- 
npi^n^  should  be  oonununicatediio  the  qommon  wire^by;  being 
i^,  ^ptact  with  the  prepared  wire,  previously  to.  itp, being 
i^j^qi^ced  into  tbe^acid ;  for  wben  the  ead  of  a  cQi»(ii|iQ9  wire 
is  plunged  into  nitric  acid  sp.  gr.  1.35^  therci  is>  of  cgwsi^  the 
u^^L^tioUj^  wjtach  requires  the  local  pircuits  we  have  before 
di^si^ribed  between  positive  and  nc^tive  .surfaces,  aQd>  con* 
i^quea%>  the  davelopn^ent  of  both:  wben  the^rfore  the  end 
ol^a^  ji^a^ti^^  ^^^  ^^  ^^o  plugged  into  the  saja^e  acid,  not 
V^JMtiP^cwtact,  apd  th^  two  ends  of  the  wires  not  immersed 
aj^lga^^jt^  tp^ch  each  other,  each  of  the  wires  will,  endeavour 
ti^C^^^^l^ic^tP  to  the  other  its  own  state,  and,  pf  course, 
tl}^^i^ipb  ha^  the  greatest  force  will  prevail.  We  find  by 
^geipnie^t  lih<9it  in  this  case  the  active  wire  is  the  most 
p^^^^,  the  jndifferBnVwire  being  rendered  active. 

^iiliik*)-,  When.iron,vas.made  what  is.  usually,  but  I  believe 
q;il9Mi^<^ly,  r  called  thei .  positive  aivl  platina  the  negative 
e^i^rpd^yin.  a  voltaic  battery,,  the  platina  wire  being  first 
pi^pg^dsi^ito  the  nitric  acid  (sp.  gr.,  1.35)  which  form^  the 
e^<4rolj(^,.and  the  circuit  closed  by  the  free  end  of  the  iron 
wfre,  the  latter  became  passive,  but  in  any  other  mode  of 
eloping  Qx^  cwcuit  it  waa.render.e4wtiv#t    This  pxppriment, 

^  See  abstract  (14)«-  ....       •   /  ■  n    .«  At.,  .;  t.-.u /„i.;  ^.-.t  ».  w 


5^.  Mr.  C{^^lw^^oftft/^c(^«^^^;^«KiP^^^^pg!«lw^ 

if  jrKich  (^  ^pjtiH«,Qft(ff^isii^  fiiw*fi*i>b«.»jw  ftflflt^iMUKiii 

by  the  pripntyjiijf,  i^i^papflWo^iWJ^i^iUeAW^o^i^  ziijClt*) 
but  ffv^.  I9V>H9^  t|i^tjJ^,w^ej^y^)Hfle^«iH^^thl)) 


but'S 

pared  taa.ct  i({^.pJfttW^lj(y,  ia(j4iijjng,^,^i4¥J!i^f^SH^Gft»^,tb(»o 
part  of  the  -^irireKfti^h,  j^  gf^spptg^.^^^ptrW*^  l^Js.W^llwU*! 
it-into  the  numerpup.plasR^^pseftpiinpBfl*.  WiJ^hiftbi  ^sewhfl 
liar  state  is  coi»m»mco^.t^\^^)iim  ifliPPP^gV^iH  ^  itft| 
being  associated  with  pI^if)^^^rL^y,9tfl«r95W^*¥^flf<»t*>«»8" 
the' circuit,  the  wire  ia  ttirwKftiijfiift,^^^^  **?W3f  W¥arnWi''| 
conqectedi  iron  wiie  would  tw,ii|((f^B,plw^ig^^upi4oi#oid.of.rt9o 
same  strength ;  and  the  fleg^tiyia^i^.jjf  ^  tiHBfiM;e.of',ih(tii 
wire  essential  to  this^cUcfl^.cfincijcri^^grWiMi'.  thei  indf^cKiii^ti 
influence  of  the  zinc  as  it  iaeft«^^jivftef  <»'dinwy:«rfliH«nl) 
a^ces,  the  action  is  continued  wheifd^eiPV;^^:  i^,  cflK^^Mxlti  ? 
Tlie' positive  state  of  the  wke'wb^'ria.if^iQ^cnliaii^tAf^  Wli 
proved  b^  its  fceipg  thrown  intQ,Bflt^riy^-;ifti«h«idj,»!itJhi( 
whs^js,  improperly,  calM  tbe,n"^aBjl^^^fit^9^qi,^ij^.^«)Hi,.. 
tive*§|i^f^«e  ,ot,,wlLipk  agreeably |to  ^,QT/^?fti[yu  t^iwe^w 
eI^Ji^.af;^|ofn.jn(Jjjp^Mpon  thej^^B^Wi^fi  %mmifi'^>«t*it^ii9ffi'l 
l^ie^ljlfyiaiiaptit^.^a  the  po8itlv*npl^OfJP.4ff*<lw*»ttill(lr 
,  oi(jibpUe,je%!tj  to  tWf  which  follw»i4FWn.^;Wfttafi*rt»fc((p:s 
nndonnectal  l^|^3) ,-( ip.  the  latter. c^'s,*  ib« ,?%}(< *ri#fl*  frtfrto 
the.p,e^tiis?i  ctu^apt^.-of  the  metal ;  in  ths  •fcrw?>  .^^er^fet, 
itis  reaspi)ftble^|o^coRClude  that  th^ ^hWigF  »5hjch,tolifibh«n 
induced  in  it  bj  its  connexion  witti^^  b^tt^rynibfl^^rvfeitlw 
an  ;opfo,»tp,.^pr,.a.poative,  chaiactfi?i,,;iMftnji,i|i^(i^^  of 
this  ,tw<]fojd,  cgajractet  of  platina,  as '  fff eU  >  Mr,  <4(tWi  BH*"l?*q 

30Qi|y-puisitionin  theToJi^ifi,w;«ig¥^3#;«^^lftj; 

the! progress  of  thi^  eoqwy.  (IJCJfj.jq^hsglBlifiw 

i  b()tbthe«node  and  jhe,  4:!ft^b«iii,w»  ^^-ifklit^s 

force  must  be  derived  «p}iff^y,if|i?(^^%frf^li5lo 

id,  to  them  by  the  battpftf,;  it,,(mQffflfej>g,{JeBt«ljfl 

rent,  because  no.cucreit^,iiafl,4ail^tiJflipfti#aiiagrfniB 

irVangemeot  be-.previciij^jt)ffl);i|nj5dt;;,f:I}93^aitiffl  » 

-„„,_...,   „3rer9re,,.in  making  tbif  .»fTiffl;gan^W*^,(i**i4uhfiq 

directed   to  the  anode,- and  t}ie,.D^g^tiM  ^«m«4)tt  l#(rtfMdt 

cathode,  l^y  polar  rforces  caniiiiunic9,t^,,tp'^f,f^tie&ifiit9- 

trpdes'by  tii9  battery  (JC8) :- ■■  V' -i^iTl  lo  wwwj 

lti(k    The  great  and,,  indeed,  the  oiilypeeuJi65i*#;iqnrt«w 
means.^by  whicli.an  frqn  wire  acquires  its  inactt¥,e  ,4MttAlH^u 
that  the^sjtiv.e.pplps.ofits  atoinsarenU.tittnipd^M^wsifiHfc* 
surface  ol  the  wire,  and  the  whole  of  its  negative  poles  towards 
the  interior  of  the  wire;  the  ari^agf)9ien.^/hi^9,AS,:Hifry 
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ifclpect  •imttar  to  the  atoms  of  a  zinc  platd  when  amalgamated 
(WIVJ  '  This  arrangement  is  altogether  different  to  that 
toMmtt]^ produced  either  by  electric  or  magnetic  induction; 
ih^i  opposite  polarity  being  developed  by  both  these  agents^ 
upoti  some  other  part  of  the  surfece^  in  every  other  instance 
with' which  we  are  acquainted.  In  the  experiments  in  which 
on^  of  the  ends  of  the  wire  was  oxidized,  either  by  heat  or 
iritrie*  acid^  the  positive  polarity  of  the  surface  was  readily 
aetsotfitted  for ;  this  state  once  fixed,  and  surrounding  any 
part  df  the  wire,  being  necessarily  propagated  over  the  whole 
of  its  surface ;  but  when  the  peculiar  condition  is  given  by 
patting  the  wire  in  communication  with  the  negative  surface 
of 'the  zinc  of  a  battery,  by  making  it  the  electrode  at  the 
atiode,  as  in  the  last  experiment,  or  when  it  is  given  by  touch- 
ing it  with  platina  wheti  both  are  immersed  in  nitric  acid,  it 
do«a  ntft  readily  appear  Vrhy  the  positive  sur&ces  induced  by 
thi0Be  means,  should  be  propagated  from  atom  to  atom  round 
the  wire,  the  negative  surfaces  being  turned  towards  its  centre, 
instead  of  being  propagated  by  alternate  positive  and  negative 
sutfeoes  upon  the  atoms  in  the  direction  of  the  length  of  the 
wke  in  the  usual  manner.  Taking  this  pecuUar  mc^e  of  pro- 
pal^ioA  as  we  fi:nd  it,  every  experiment  brought  forward  to 
illnitrate  this  highly  interesting  subject,  wUl  be  readily 
ex{)Mined,  upon  the  principles  we  have  advanced,  by  the  state 
of  4h^  wire  which  must  necessarily  result  from  it 

191 .  In  a  letter  which  accompanies  M.  Schoenbein's  oom- 
mMmication,  Dr.  Faraday  has  given  some  experiments,  of 
which  the  following  is  a  short  abstract.* 

'^  If  afyiece  of  ordinary  iron  wire  be  plunged  wholly  or  in 
paapiittto  nitric  acid  of  about  specific  gravity  1.3  or  1.35,  and 
aft^r  dot1l6n  has  commenced  it  be  touched  by  a  piece  of  platina 
wire  also  dipping  into  the  acid,  the  action  between  the  acid 
and' th^  iron  wire  is  instantly  stopped.  The  immersed  portion 
ofliie  iron  becomes  quite  bright,  and  remains  so,  and  is  in 
febdn  thesame  state,  and  can  be  used  in  the  same  manner 
asfthe  iron  rendered  inactive  by  the  means  already  described." 
**  Thisr  eflfect  is  the  more  striking  if  it  be  contrasted  with  that 
pmda^«^  by  ztnc ;  for  the  latter  metal,  instead  of  protecting 
Ib^'iroU;  tlirows  it  into  violent  action." 

Oharcdal  and  plumbago,  like  platina  and  gold,  have  the 
power  of  bringing  iron  into  the  inactive  state.  When  steel 
wIM*  immersed  in  nitric  acid,  there  was  at  first  action  of  the 
usual  kind,  which,  being  followed  by  the  appearance  of  the 
wdt  known  black  carbonaceous  crust,  the  action  immediately 
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Sift    Mjru\  l^!A9fMi^  <m  <!%  Thefittp^  kttmfil^^  immsH^^ 

bon  evolved.       ;,.  :i.,    „  -uW  ?!  -a   l-rpwi)>  ^-.ijv/ d  »iflw  tt'ia  t-iiifi 

>l^,.  The  iirfwtei  rf,  ith^w.  «?ilH5rimfflP4»ff«f(  ['eviiirttly 
d^l^d^dit  upm.jtbQj  twi^l9Wlk^l  )/b^fi^  7^^ 

When  ,tb«  iraD^.wjir'«^a&()^til^  ^JD^plo^iM  t^iiff^JiCfl^Uotb 
iMgeUv,^  \^fi^^i^\i^  ip(i^«fUpw.tbe  NU35e,^]^^      90]:£l(l^^ 

the  wim*;  Wb^ic^  ltoftfPth«ir'J#p4*' ti^^  iwir^l^iK^f^ 
vitb  zinc  »  poailire  b^jij  rit  ipcfeM?dfb*p^aUvf?-i$urfiice  fifi4 

fttot^»4r« tw^U  Qb^.i5e4rbF a^ttjiftg  t^ilKPJ  W^T^biPlP^^i^ 
acid  of  the  given  strength,  and  touching  it  in  the  aci4f ^tiblf 
ftwtelf ; b7,pi^es:of  aincspd, |j^UM ijliriteftiMiib^ftodaes.iitetive 

:  183*  The  rea9ohin»a»dre^^pfffi^p<>rt^,^)|e,^F^^^ 
der  it  probable  that^  what)BV<^  )i]9diir  Im  tjp^  :)Z)bepi{)si  engg^f^ 
to  pKothice.  it,  tibe  peoiiUaj  Tatiftea%7ind«<^.^«di  Aiw4  «#* 
wire  by  a  superficial  film  of  oia^^i.  i07^m^>  t&<^  ilfttip^^^)^ 
e«a4iA¥>ak  th*.)afiid.  oaonot  dkwWlnirTbWf  f^.  ^fil>y«^" 
ai)fe^.b^kdy^;tbQp0(w/eir^  P(iOtaftJ3r.,of,^n4fijQipgi  iSp^jffm^^^ 
«tet#  «flft^*ii*ftlito.  tWioaetivity  ,<rfii«?n,  ]i^f^^ ^m^f^!^ 
pfilftli^lirfocea  ©f /ite  atwMsinf  th§  j)p|4ii^)ii9.)^i(^  Ib^fvr^ 
I*3^f»4ib3r  ito<>wA»»^gfttivQ.forq^'A^;byi*b^;;imtec^ 
to(9^  )f^cp|^er  »>a§patiyi9  boiilies  ji  and;  ^tbi^^fiiP^i^iv^ j^4mi j^i^ 
./i^fflf  fcifrtHi;  any  .|Wt  pf  tbe  eurfeeei  of  •l^^.wji'eirijb^tpr^gii^^^ 

force,  becomes  a  necessary  consequence]  theycd^rft^giympff^ 

pr<bpfii^ftted[  }mi^0  r^)f^yyj  case  Drwi^fe  9Jf^i!fefc^i*«ll  ^ll^ac- 

b{R  ibfi  .wn^^feojift  ti^  if  on;  wbiqb  Wttj^UlTi  jps^ft^Sfiiti  i^ 
^Ming  ln^(^^{^  ^a  .beingia  ti^o^a^ai^  ^^^d^i^d^  ^iti^^ft^ 
*ri4b d*«5<fcfl^Oi!Jiil0ft*,  .       .,  ,  ..      .v  i,'.r  .inJaiioo  sd  iiisini 

^niSA.  J^?  Tib<^  iQlrt^^loB: ,af  de:r»ii4rep^^ r ^f^fatifefecflS^ 
|il^ed  bBii^ilaJt^:«3ij>ei3mput  of  Pi9fes>s9j?)§cfcBnfe^fcli)q(^ 
inqctiw  *»f?  [Tiias^w«Ated  by  a  ^H»iMJ^i^  pft#«Jri;^f(*ft)§feft8eB»b 
8ttdll;]k«al>tattcbe4  on  apy  p<M«t  fpfnlfb^  )i^  ^s^^  witkift 
p»f ftid5  <teito>cffii  irjon,  ^ipc>  cad«wu%f  tw/i4q^7§l^,*^r» 
a\i*n/^<JKiw>. -wb^a  the  isreeipitati^nj.^f  6<^|Q^^<a#tai^j^l^ttdr 
ta(^i?pl^rat  th^  poiin*.:of  .tibe/ir:l^V'^^o'9t%l«l^¥^ 

arfjofofitot  fefcfebe  wiTe-^bicb  ^a^  «oKe?fi4^ wt^  tjbftf plijt^lo 
*  PhilosophicaljM9^i»|e,;^<4,JX,,p^'3§ft/!  I*  Mil({OftoJid4  * 


part  of  it  which  was  covered  with  the  solution.      '  •  -   »^'\  'i^><l 


itaVbkii  ftti  itia(;tFv(<^  ^ii^' was  ^«i]Jd«ft^ia«ljiiVe%nilakiiigi  il 
^bMt^r  The  poles  of  thle^ftti^&i»^^i4^  itpiihidr  ^ts&s^  vefte^ii^ 
l)^the  very  means  whi^hlMift^^  bcbn4i^^'Htid>|)N»du<k  •fth«^ 
kttikl'efi^t  oii'tnagiaf^i'tllf^i%Hy<iitdi'^ug^i^  vibrAtioiil 
k«ui  a  iendeBc;  to  p^otdid>iMe  itedf^  -Thki,  dfideidd;  ^ky 

liiu^^'beentbdeaseihilie'^i^eMJiiistafi^ei  <to  the  wiM'<)^ 
i^qtiired  to  -be  brought^  kitb  ;4tjk  «>rdhidi7  state 'to  be6din« 

'^ ' '  186/  I  diall^KMfifofade  lihit^'Ml^j^&t  by' givitig  a' short  aocotol 
(tttitaotQ  rttcefit'  conifii>(i2i46iilti6ff  k)f  M.  Schoenbeifi  f  ifi  irh'ufli 
the^pe<eiitiar  vdtaie  coildj[tiM<i)f  ihm  wius  excited  by  p^oxide 
iciftead.  I  intiodoee  it^  i(&^k)il^beoBni8eit  is  intlnrestteg  tti 
itfablfi  'W  also  beoao^e  iU^^e^plaiiaticn  will  bring  into  lieiw  a 
^iWk)!)^ display dfeleet^calkbtton.^  •       j  ;»  .< 

'  ^The  most  poW^rMvoltttie  assooialfonintowbich^i«6aoasi 
i>e  b^«ght  iB  oi^er  ^to^et^ite  \t%  peouHlir  'dottdidiOki,4B'1ft(^ 
^th^  peroxide  of 4eM\  'A*  ^cit^mmon  iron'wir^i  4a#  tof 'tte  «lidi 
^wbioh  is  coirefi^d^th^lhiB  kibsta»oe^  piitlveift  t&^i\iMl6k^ 
iitit>Oiily  towards  tntric  acid  of  a  given^ttioffgtfai  bii^td^bdf 
)jrf»m  4eid  containing  my  quantity  of  wkte»^i»hJbt^'oM(Ud«Kl 
^fc'«4ijfr,  or  one  associated  ^^  |dalliiay  ft<(|./>ii9ft^«<^^|^ 
l^^^t  add,  if  mueh  dUnted,  jm»t  in  tte  same  taatnu^r  bi^iiiip 

^l^niled iion." ' '''    ■   t^^'-'^    .-''nol 

''^'"^^  th'e'rektioaof  ironafisoeiatedi»itbMM«l<fe^ 
«iHl^«tcid>  ki^  %e  the  solulkyti  of  bke'vibioty  a«.^«fd^aii<bf  t^ 
ito^t  itiafc  irofi  'm  fchis^  coiftbmod  stafte  «xef^9  4^¥^8CMtigii4a(ii 
«4iid0^i4i)le^  tta^,  I  wasJed  to^cmppOB^  diat  «i  j^briiol  hottetfy 
might  be  constructed  of  pairs  consisting  of  if^  ><od)  dile  im 
^^^jt^i 'Ext^metits  have  proved' the  eoi^ren^liDiess.df  by 
«^positii6dt'  aW  ^foh  wire  6' ''.5  thick,  ^''^^Jttb^b/  0^1^^^ 
diir^ii^^^otllcidj^hf^a  tMn*  fthti  ctf  peroicide,  a«id  «lkyh  ^endbpai 
ixA^p.  s^jfttt^e  V^efttel  'filled  •with  aitrio  acid  abimdittdltifiM 
'dil^t^di^^vcltoped'aibun'etitwhiGh  was  oapabioiaf  «detoi&pM9 

limmmt?>'96v  ^hmAihe^o  vesseU we^eedmi09tpfl>%itihL^a 
'fmifiii^^ji  'l)[ydh)getr'was%volyed  ut'OM  of  its)  iiittijy^icpcyjifpeii 
^i'th^idtkler;  The  latter  gaa  was  dise&gaged'feit  t^^etspetea^. 
oftk^^platitta-  wir^  Which  was  placed  m  the  v^sbl  ifitkL^t^r^Som 
^m^idi^  df  lead  was.  Twenty-fbwr  such  Uttlei  wimi  bi»9ai^^d 
h^^ii^ii^uVmne  des  iasses  and  tfae'befes;^-me]itiohed{dil]jDk^ 
•mbi^'add  u&ed  a»  tlw  exciting  liquid  c^^t^^\im»dk^iaMB^ 

*  Philo8ophicdMa^zftie^'Vol^X.f^:4W,4afc'Jitlqo8olii{*f  * 
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^.vx/  j^jH^^df  ^te().9i«^id]|j^  9))8dqiBfK^fl#Sf{tlki8iiS«lbatoiice» 

^^  the  bta  ii^k<«l  Wlctoli0g'd[le^af<il(8')eB(b<(^^ 

'\6iA\;  ci  flubbtfiiiio^  t^hicl^f iGbpfcoiiv/iyiclrkel  BiDpeviihfliMlally 
ib^«fedlto'4^  li6ghtiUe4Diiiroib)(M4]|b  /IButtthBpeardxidetilt 

'i^^d^^'by  gll^mgiip  i«i0d»ygeivdb/tfa«(li|rd£dgen  o£  >tbfeid^ 

the  wire  are  reversed,  and  the  iron  becomes  active. ".'Xh^ 
^MVtehtf'itf^bm  the  tmooailed^d  bfiAhdiiscaniraey  %{lh  d^l)m- 
11^681  tioif 'Of  the  watery^  andoniiiatiDi^irfirbedviire,  io  the i^a^ma 
irb*e.  wh^e  'hydtogen  'i»  Mokedii  t  it jtlieiii^iasaes  fthrou^  tm 
lirtttftidi  Unft'ti^n  «ikteiJhgiitbeoaeo6itd')VfiiM  ^ei.wittngMb 

ti^«de^^6Ml^  it^be  ox7g«ii()bfsbg()eviibMdl*t  llhetarfaoei^ 
^j[ffiiADa:^<ti»A>tii^ih7il|^g90B^iUteiHi)inf  ^MJiiig^Bepfan^di^ 
^^Ifti^,  ^f^i#ilk)ther«ixygdn,o£iiftfa^>pi9it>»d^ 

,8i8(^q  ^^1^  lMK^(«fapvBiimia»tioail  lBhd&)b)^  Jdi.  Sobomlfcl^ 
^ift^ik^^k^^dm^  ^p^^^a^^™^  '^aiSfntrittleD^r^^  leamtBo  Wtf 
other  curious  p!iil(uwlcb»fires^dliagk't&e(,vdUaiQ  i^hiiooac^ 
"mukj^f&^d^l^^ibiJtita^m^^  H^  st«(ief  in 

ISiei  fiy^  d^^K^^6miiiimi6aiioiis  tJaiat  kerfo  hj<Aem»ri^ 
W^€t4^1A^mgiibi^s^ikmt^r,  "^  thai  isovihmigHyki»  psffUbi^ 
i^tl4A$oi^%fidQEa|sib&d»dJW)th*  fdniina  >gaipe%iisef4<i>ti  fen^^^ 
'^^d^i^^frp^ifitdJnitiitiBMtid,  be'«the.]ftl2tevfe^]irM(%MD0«|^il8r 
'8bi^,^pvAk>^'diftftR|^)i¥itbj^  i  'T'heTteiiftBreDtspscalHdubil^: 
^  i^iiitltiftti^bw  kien^ned  t4>(iN>tdlntoiiifiDtb9f$}b^(]B^Mft- 
^filkb'ite  ^tf^/>-«»)Acat>tiiet;sfliMe  tixm/qaiM  ittdepend^  ^Jtte 
^kd^tldti^f'tbeciwMi;'  The  divectiitoiodb&e8eBnqn|d»rQii^^tf(b 
4i%li^vit6oifti>OUld<b«  i£  the  latter)  ikibial  viste  aMk^^kollifaij^-^ 
'4tMpi^m,'^is'M&  6ay>  linactive  iTODE8ti))^BHi9k)dto'^UdJU» 
%ii^^i^(k$iMl<M^immicatiM^he-s4y«;i'>ffrQD  a^x^imog iodide 
>6^^p($(^i^uiHiatkd  gekuinous.  stank  bein^rpal  m-€wm^m9^ 
^im^^S^^UicHtrod&&f  jqgBB  of  ?dftcotBf^attAoa<^eicbiteam;t9i& 

bauoqfaoojij.'ii'lo  r-'r   u: ,    .(.-■'        :•..;■'»,    .  .!,- •.i'iofibizoisq 

""fi  i?  a'Pari'frim  alat^r  c6mmunicalibri  of  M/Sift}>etlBfe5iHm 
?Lpmmi!i9^Mi^  rtfeans  to  protc>*id^=aiid^*^fi». 

M7ed^by^t%^^»M<f  1(190)  rth^ji  Wffl  pfoduee  Ihe'8ii^e'1^4$dt)l9 

I^fffeltfi*'^ft*$l^lfts?tttftu|-alWAt^-  :.'.^''.    I      •    ■■■'.■'^  -^'AMiU^.R 


^eiii^y^iiiBsiteoBeiiBiBizB  d»iat,ett»4yrof  ^^^sJ^m^^  JjWS 

j^TcnliyJ)no  '«h^taB^:i^  adtionrjgdii^griW  Ai^^  K^?Wf?jL„  ^ 
i(tiUii^db<aeUicm<takfa(plade  i^fil^me  fM^^§f 'jtlb^(^»  w^ 
which  are  pldcedL  iBi^ncdnitdyijsltflVj^tJb^ 


fiavts  iinentioned)aveKbsiDg)dbe^iiMlol]i4  Ut^lWeifM^  -^fifWi 

<beiineliiked 't6i tbidk  ti^^ ivi^QfeduaiTanib ofjmir fi|loacg^ti^.f 
•ffl^eddded  bptbab^lbwbxfdalH^vQf.tJte  icon^mirias  Y^ij^d^.,^^ 
^8i«at'andaboT)eutheJ^srii(ofglhai&djd$  l)i#.4\%  fi^^fL/^- 
tdttsive  esperifiidnts/Irbat«i<saHckfrUiii)0d'  U»a4k^i^      ^^MiWf 

-ill i^;  The «rgiin>ent8i iiild JoKptomes^ta  wbiobi i^f^y^ ^f^ 
mp^kx  to  'm«  .to  [be  -M^  innyciiieiuiair  conclusive/  on .  ibi^riPPM^ij; 
«tiid({[iam  of  H9fi]»ipttllllit(tbfe.oiiidajtiQnr  of  .tb^  liifi^ii  j^ilrQr'^" 
desoridied^  i6  taffif»eiit«tof«ceQiinfe{fi3r'tibkf  omjo^njlff^a^a^ 
Iplaoeji  whidi,i  iU«R^vooAlmidQiis>>  ?&k  H  «sibret»(i}jjrr  ;(¥^b»  A . . 

-iMV8-<l^dedi<it(thM|  q>ki(kl,iIb^^&ll6e/IjQlifi^ltr$i^^  t^^^^^^ 
to  chemical  action  in  every  other  experio^^i^i^if^^i^ 
^Uoigtttieifi  Ykis  bioiigfal  %nmtsAmiwupfSiii^^ 
Uwe/^otttfrectt^  electsieityaafty  beriBKoitad^  <^fiteN^(f  fffd^^l^ 
^acQ(ii]lfti^t0dwith/an^JaetuBl)oi^^  8Doiiud  isrfto 

fi^  190;*'  Tfafe  foibM^mgTSAcontiiuiaibicild^tl)^^^^ 
l^veH'  fffom.  UiBi  jlrsii  J0QhliBiuni6aiiomini(5Si)^9^^l^  j^j^^rf^ 
'^aitfiousimdiiiftteMbldngr  Mlthati  3)Mt[(8laitj^gi§j^H|(^k|wV^ 
)^>:i[)Tw<>>pla(dm»'/«rij!es((bttis]gfioottdfiGt^ 
i^^<wilhPdieqg»ltralii»bel»r,  andiby  ih^iottori^^lqllittii^fykp 
l^duoi^ulipaqedas  isdutiQil  of  sdphatabf^o^{«rUJf  i^O^^^ 
-«My^rftM(i4(id)oBeio£ith€}^0ii(ls  (imoieiaed  '}»i)mM^^sm 
^ktiQ  plaAlflsxyjlMS  b^jopveored  wiifch^afilhit^f9i»*o;9^^cteft^ 
4Bite^wpiftbl(ip»B6S>iftdni(tlud  platinai  ihraiigt^tb^Ji¥li4jtojyk9 
^ll'ii^idi^ixid^  4k[«  kiidiAhnj  is  so  thin  a«i  tbipinq^ilcgi^JlJMiit^^ 
Mlle'd^bbUi'9  t(debra^(itcdiMppeaas  ivathiivii^et^^ 
(ittlbc>iilamiK/:bttii  di^nieissd  in  iiilric>>aavdi  m^ 
^maM^ioieiit  toqi^eotad  #stbi4h£»!<gaJbi8anoiltWjerKTi;l^>^^^ 
^t4im«ied  >itmppeal8(l4fl^  plbtitaafi^^poi^itili^fi^i^i^fiP^jW 
peroxide  of  lead,  and  that  the  disappearance  of  that  compouna 
jiftf  pj^j^4,l^,>a  ixuirent  which  . eliiftiqittes  Iwdrp^n  j 

4iRg9ti]?^  bBfiriwida^vby  which,  m^ws  .Aft  Mw.Vi^^iS^ 
f)i*c^ofilide>(i9f^leaii  ftfl4  ?:f^^e?:edl^ol^lfeUyil^^ffl6j/f^  a^jji 
a  similar  manner  I  have  ascertmJ^tilihAt  t(]^  ^U^flF^ 
of  inactive  iront^*filtfoaqiidd4if  l6ttdkias9e%(jkh(^<fai^ 


M6    Afr.  Q«M|^  m\B^TVima^int9iUtid  i^ootm^t^ti^ 

itiit^^'of >  (bat  o^  >i«Ady  tVoStoio  effwto  «ditt  fdotkoediqiiitexdMi 
tfiaitieltibfy  those  i«faidiirilt^  iafiitHipfl&iptrf,4li^j»td[<sa^aDtoitt 

^tf  tlMeiOaMlAKitty  ittidnitbitrT^f  tU  metabtil^^piestkw^rtiiifeclfiiks 
dfi^d^i'  A«  to  itbi^t^ltcii^rQitatiDB'iihiGb  i)iriEei6fi  tbe'perojtidH 
*tft#n^he(db6ii^>lb<ibiMGPth«H  tngrexpedin^iits^bavkshoimyBi^ 
'p«ttid«ide  of  ifil^Ss  A)^i4^ti«g&tiw'lntbtfqg«utd  lo^the^Mraxkk 
bf'lcmd,  bd  th«ifluid/iMdeeii86i^;intikMyjwatoliit^ 
IjIm  vitriol.**  '..,''.  '!r  n-.a!  o'nt  !•♦>  n^/w/«>  •*  i  1  .'.'♦|i3l> 
'  191.  *  Inlb^gi9«ond'«»mi«itfiiali«n:beijayif^/*fieftlre)eom 
^lidiiig  nky  l^tl^y,  I  miibt tDotio^iiit()toriiBayh«^  ^ew^avonit 
^bottt  Ihei  deeoibpO(ntioni:wbicb  p«ra»iiderjo£liBiii  wftde^gDCf 
irbetf  Toitaioally  to«>ttiAttd<iidtiirt^atit^  and  ^Uli^ek&^Mb^ 
-«ft]4e 'dcid  or  a  solution -of i^bhiff.  idteiot  Ifliibefifstitoi^ 
i^rate^f  l^ad  ie  fotmed,iti  tlMsseodtadted^uite  ii£I^ad.n(Th9 
said  peroxide  and  platina  being  substance%'jeoi^*bepaiaJ2sdf 
^uite  ind!ilferettl  to  any)  of^jihip  flm&iunaed  jb  h'  ch^iaical 
'{Kibit  of  tie^^  ^haw  BXis  trv  tOfvrisotanfe  £at  ^AfrideoKldafcyHMrf 
'l^>^#dMcfe?H  >No  dbtfbtbAii:Ue  eht^nbim^iAhal^apr^hdiisk^ 
MMMBf«i,<iie£»  itiefa<^MiMd]  ilde<)OBipe*ilaonio£fwa(t^tl»JM0fpifio^ 
^«fid^^t  fh^bifdi^ti  of  4hedattar«iiittamilbbiie*lf  tUN^W^ 
;#^^titol^t^f^^o«ygeii?ieobtHiind  ii]^  tM^^sr^xH^rsdksk^kfg 

raffigsLuI^.:^^!  ^^si^it^etr  thwiqii^ipniimPYoreBamSolmeiib^^ 

"it^Nhy^Mirii^f  plkc^  bet^reen  ^parentbasir^  pMr4atrflbAj«$plj^> 

^iAMi^<#hi^il^i04ddrtsre<aia  intnkliiaBdwthDut  ttterfai^qoNsdNf 

^trfi«i^flii^iiifdli6e^^Jattd:whiab  torveiidet  there&plima^U^  e^tt 

^¥^6«^4^bie  «^b«4if»fttedt     "^.Accordiiig  4ie/in)iioptnMitoyi4ife 

^i^  6blyi  ^0«>^^4i^'(|<»M«o8|it  ier>  the  rvM]f^«t[si«rkal>le  ^ 

WM{)iditoi!H(]fe^^idbMpdyo»de  o£  l«ail  .imdergQA^iM^ddte^hiwfi^ 

^^)[^ti<MNI^d>&it(^1flf»stoMe».^  By  pntdetig  .a  TKdtoiOoa3iBQtfaiMi(^ 

'^(tf^]<6Md^aAd'{)iiitba  itito  iiitrioaacid;  ^ 

^il^^ejt^il^  ^ieh<^  -asi  akea^;  8iaif^,v{Misstte(irofe~{(lMiiiii 

through  the  flifid^tottfae  peix^Kide.  Thobl  <raivfi9it<(1tbinii^iA  jte 

^W(PW^^km  bttftseaii;  eleetioUKBtioD^JKieirfitb^lefi^)  acJiliCt^ 

Hh^^^r^ktes  i^JiMJ^r^ placed  betmsn)  Afe  ^teotiiGidsa,  risrtoiiit 

rWWkBtJ^(k§  tb  ttira  tbetf  hydrogeik  sideito«WB4?^  patitodq, 

^fbed^^^i^de'toiiratdt  tbeanode^  andlD.diminipbjordAl^iftV 

^^l¥e 'dtt^i^^l  vi^ttmotienimatiuillij  exestodi jby >th0^i9|^rg]pi^^iftd 

<iiyd^4gen*^'«a<^  patlscieiof  ^Bvtttefc.  .  No#  if-nfe  adiiafb>^ftn0li 

^W^tM«l(^(thH^/ii^»iKit  diffiMailt  toecm         hwj<tb^Ji|^^ 

V^m'bi^t^^pmkl&oimatia  'Which  is  omtigHonaifeo^^fMii^ 

of  peroxide  of  lead  can  combine  with  one  portion  of  the 

dtylofi'oftheilaftt^r,  <thfe  peroxide.    (The  seecmd  eqairalent 

of  oxygen  of  this  substance^  being  *e£  itedf  !i»tbec.(]o0lfily 
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iMbrBiwifabeiifiil  by  the  t^dtonoyi0£tAji,»4<k^^^tti)yti&iik^ 

^XL^gBti)  as  'alakostft^yimd,  iCW$Bq|ieii%y<^  ««Mfcw»4f»itbf|i 

eibily>iHi^tse  Iwtth' the  jtertkle.  of  ttif«t«i})t4*c4[|jU» » jin  Mnrt^iftte 
imitmtst'  iHththe  peroxide  >a^d  J:h^jmidl>m^jiP9'^  ti^ritwo 

b,  'horn  the  neaktmns «bdYe  ikteitedriIi»9(^3^in)d.}mo^t.|^.9itigIe 
state.)  The  oxygen  set  free  from  the  said  paitiel^iC^/^p^^mr 
fflttst » (fj^otii  obviQiis'^inutids^rrjeomibiDld'i^ilh  the  b^drpgffi  6f 
the^second  paFbiicl^^4he)ojDy^nl')€if  ithe  latter  with  Us^e  hydfjt^ 
^n  oft  (Am  tbird^'andiso'imi  ubiilj^e  whole  row  0f  partifltesKptf 
<WaK!er{flaced't)eltVQen'th.eIqleb1i7Ddes  havo^  as  in  e0mtn<»n  cdep- 
tfoU^atibn^  under^iiidfs  ainlilair  deeompositionrand  recoisip^ 
«iii6n.!'!  O^tygcnu'iniiBty^irf'Ooaiai^j  be  dt  last^diisengaged  atr tJUe 
»hsleir«ele6t«)deA'-'"'l.'^  ; 

f*^  «id3;' '  Wit&  ihsKHniasionb  pdinted  out,  aind  othor  trifliug 
bs:O0pti^8ythis^'h)B  fat  afeifit>g!Q«s, >  is  preQia^lyitbi^  ea&plaii«^iQ)Ei 
<3£th6iexpeliii]efat)'vhich/i>»houM  hiiY^igken>i£  tib^-^^pPC^ 
.€»C)iii!panieGltioli:whichiOohtaipa it  bad. ikotr^adQriti^aiif i^fM^m^ 

^oUdfls''  ttpfm  wl^icll^  tUelsererBl  ,deisorop(99itif)1)fi^lld[ir^A^- 

j^ositions  take  place,  nor  do  1  tWdk  tbe«it^TirW#Wifttf  53P^ 

iiBPB^  heffh  "kwta^  ?of '  thsni';  *£»<  immeob^^^  Itm^^ing(>(his 

cpiQt»tiob  h&  s»j'l>^'^Qne  ia  vaally  i^>  a?  to^jtojirtf^q,^ 

Ir^lnMyfnwfaT^ltb^  hjidimenb^ 'WtershtwOdl^  jtOrfv^iibeiipti^ 

tbe  «Ksygeni'pf'*th^  p<£axide,  in  brde9r<.tQf.%ilfe>«»,^r:^g^ili. 

'Th^affinttjfiKiC'hydlrogeti'fGr  oxygenbaiftgtPfttt^ffe  it  iw)Oiulfd 

hk  if<  i'llmiatieii^edix)  fapeak  in  a  metaj^hoiJIba^.^iNiiiP^r^  pp.  title 

pof <f  i<tf ftlk^  ifbmi^r,  ai  most  wkiltoii  caprieioii^l)^  .4Ml4^ffpm4- 

imk^^h(^iX)t>iehmge^  jdiotdd  it-  try  ta  leayo  >f^e(){VM;(|f^i9f 

JO[:«ygtiftbi^cbhibiii»*with:  another  one-  off|*p^<JM^)fei^r*pil^e 

ihiddi?f--4.i(>i^ai)^i£o)^^i>^l]ierefore9  endaavpUSit^  ,^i^y^;  jt|tfs 

^ibii9QW7<jtb)n9idcrp^ bxpkm  eomplelte/l  .ilt  ^^  !>.)r;|j 

ii<<|^l''  ''J^efti^brptartna^ires  being  ^oDneeiliQd -w^^'Q^q ;S9t 

fbf^tiimr^btiSfg;  <mdy  b^  aonjsidered  as  formiog  tba  ^^Jfpeibi^d^i^f 

tpliOAia^  thb^^cuNKctde^'cf  had  at  dnie  •  ^ndof^  this  be4yj  )mT9S 

jS%(f06:Av^to  phitfiib,^ill(inddoe  upob  it  a  positihri^  [^)^f^9e».f^^ 

'thflsjf  pix^gatedt  it&rdagh  tb^'wire  in'iha/^$ll|al'P^|iA^^9  ;v^^ 

(iermlna^Bei  be  the'othei^  end  in  a}  odgatiT^  r|w&)[^,T  .$9(,t|bis 

iSuMldeyfertnyag  th« anode,  theokygeo  8iae«io/{i(b^)P9i;ti<^^s 

df^^tttti^wStbeidireseted ;  ahd^to  the.petoxidie^^<^eii4t%i?liE^ 

•'I  '^^  Iftlhc  ^^fef iBhc&  Jiere  made.  VftLiIi.  p.  S6%«iielHy  forio  the 
ilai«a]|brtiyi«id4f^fc  test  atom:  .•  r-r--    ■   .j.m  to  ii'',,(/..»^  <•. 


circuit  with  the  electrolytic  A^inW^wkm^t^imAt^^m 
0 Af<fWRP«f  iW€/feM^<^%ml»4bti^ft*iliAp  iMWSWMlPW  the 

o«pqoq9B¥«^^t|^witi|  tt^n^i^-cpijtliftdpftsU^E^srtrfeofif^fiJ^^fe 
J5^S*  t^,^lHft.^»^i,vei  Wrftf  ^3g^;tbftii^§x|ii^3jw4f>g^ftteetft.pf 
of^»»«few>tb»  positive  #HF^a9fff  qf jtlj^WifkWWW:  to  tfep^^^- 
iliw^fe^^Tif^cw  of  the  aton^pf  ^}^ge9»  c^n^rt^..with.*h^»i 
/iW^fiSPIjo^  io  ^uccessio^,  yHB|il)tfeB,pfl}»  4rfifcbe.>*hme.^ibe 
J  ftt^^i^.yy^ichipff^  the  yo^ifs  ^f)pa^ic(^^i9£)W^$^  pJiM5ed>rt^*Wn 
ith€ii#«c^P4?8j w§  rQViejs^§«.^U^f*bft:4§Q$|||p«8ili^l ag^^p- 


^rt^ilMftlM  oJfi^Wlb^ftff  ;i)i^««ifCJiijbi^Ri4biflvfeiQfe  §*ch§&|m  is 
gffeif»fif  *ifiW!tf ifteioilfeeperofide,  A imm  ar>f|fc>|g§?5§?tf  iiPufte 

lo  aii4ne>D^i^*W*^-Wtif>tt  be,  t|t^^fn^<^i)^§ldri«»i9ft«byP9 
irt«'ia^WWy/;b;^alwg:aaMl  OQii|pJi^<^n^.j|fe^8%l^§ftS9x«fWlts 
o«  fMW)¥^¥?f?ieWP^  ff^ere  ,Uie.€»r?ieft|  ^s]|i(^t«Qi%if^^tj^ 

amn,  it  is  well  known,  is  usually  formed  oi  a  great 


electric  column, 


Bebict^f^^uloiiittMUBislls  Qf)akiuilfiv^  hcODidrefl^soGhidte^^ 
inclosed'in  ag]«)SBd<t^ej^«^tiioaiitlfdat4die6ad0witbl^^ 


l>^i^g^ih^i(iijiiil$i»^i^  With  th^'i^^  tkt'eir  ^^Mhto 

l^dM  leaves  of^bn=i^itii^i^W«^^&%e  ^sf^<^My  tthd  ihe'  i^¥^ 
«i«fftd>l^ith  tb€=«k^,"th%'4ai>4nWhfek^yjr  attract  ^a<ihbthe!r, 
-  wriA  upoir  C6ti^  W'^(^feA^IHfie  'c?]fid*til  Wl!  be  <5omplcie€ffl,  dtid 
'^tt -kltefit  wll^  p'^U<ffbfti^k.h^'4it^^i6-  tiie'^lv^^tid'of  tike 
^^dlttm«i,  which iriH'  c^a'dd HsftietV  tfee  different  sui*ic^  m^'B. 

t^tfeof  equiKbriuwWitll>th^;^^w  forces  thus  lyriag^MSWo 
'itkiliki(66.  6T)itb^  ^tmokitik  fetetween  the  goM  leaVes:'#ai 

'fi^sAB  at  the  BAiii^  <tikQ/^^dl^they  ^ill  separate  by  th^rbWn 
^%^ht.     B^t  tbe^Sthem^WiiM'^ves  separate,  1^^  circuit 

'lfek§  brokte^Ut^^^fe^ifAi^M'llKretttfii  to  th6  state  in  irtiidh  it 
''4^Wi^rW^^imhi^f^  ik^cbht^;  ^^td-  irlikt  1  h^^e 

)>«»ll^tli^ititei|iTl^i^^if^,'^«hd  Ib^'di^eren^  dklc^k  iHi&'^e 
^^dtei^dl vriih^^iii^l^'^sblt^.  < ^IS^^ifsJiic^^r^t  Mi^fis 
"eife 'i&  1^  jfe^tly  iiiiep^M^t'M  cfi^niiiea^  'ht&m  X59%  %biS^the 
^4i)^«irktt« ^isf/  i  <«  ip^i^dpbs;  -  k  {trti^^^){jfeiPf>^tdal^taMdfti^^H*e 
'^vt^A^itfg  or  sl>i^h>t  oli>kkt.iob  o#  th^^m&t^v^M^^^a-^^y 
^itsi^'(Aa^;«^  ftrlji'dl^  a^^tl^g  i«ilt^<i^a«mii'^^,^fo^ft^, 
^tii^f  H^tHp^lcfloi^e  C^  its  loss  Of  fttitl^i^  WMUIdd^«^9Rill^iy. 
^(  «196.'^  It  j^reto^tkftble  Ihtit?  M «^^^iit^&^^  Mi^^i^^j 
'^%A?§^^  ^ttfi^  <  tixkt^  Ac^  <eIeotiM>}y^kti(k'  ^^kW>^la^#fiSiy  ^t^- 
'  H^Mil.^^bdtiSd  t^O^e^id  t6  ^^c^ib^  W^>Ii^i^6^i¥^'Wb^'the 

»dl^tt^«^t'  h^iii  'before  -appealed '^McJ^|^ifii^')|)trid}di!l%J^^ 
8<W6toB1I^fa*i^*'my6elf  bWtt  tk  autbok '  ^1?h^riffHi!^&tei«%i 
'^^  Ri^'^itb^^*  which  I  believe  hiteliiih^db^^iJiflttMMt 
generally  adopted,  is  very  different  to  this ;  it  sunpose^jl^tf  il 
ti%ui»^li^iitf«OHm%^>lhftt  th^  hydrdg^h'^Md^lt^ni^d^s  of 
^^m-^^m^^^yf^^^^  'Vhen  placed  m  ^eirtAjm^A^i'imn 

•m^fmSl^fmyim te«^re S7t),  thmifhiiem^tikiMi »e 

fc»l>vSfl^'t6gltb€tfi>iby4tettgency  of  ^te^t^^^^  id  ii^'d&^feteS*! 
Bfiid^mQi^  tM>^^li4^  <fte«.^;  the  imj^t  ate-  bidviiigfKi^^^t^r  ^ 
eij^l^sit'^  idil^idf tbd' tJ6w&T&  thef  |k)Sitive  liJ^tAl  ;^4M,.^yd^- 

rf^W/^^EHH^i^'bfUsefiiiKncywledg^V^^f'^^i^^ 

in\  f  niA  the  flgare^  the  citeuH  b4iD|^ppf()d€k$td  Ife^iJ^Mc^/i^e 

adilthe  aiomft^f  bjdro^n  is  ^dHaiV^|tD  ftiikte^^^ftiflfif^tl^ 

anoiftaieiofiitheioappeiijpiatey  ktidniie>(if  tlieiateiiiidEiJiQcyffedtitij'^a 


A&O    Mr.  C^P«Tj^<^^  Theorg  mP^9fdig€t^'4»nM9t^€ 

'^H^ndy,  the  atbms  df  «be/fbnD«#  wiH  itiMBl{f  haiwM  fmftker 
othader/the  atomvqf.tiie  flatter ^  depending^  tepoiyi#heth»r  tli4 
hycfoogfafi  dr  'tiie^bkygeaDL'iuBiipperincisI^  tintiti  theyd^Mt^i^e^ 
ttdted  in  msciesmm  afc  iChe^  nrliaces  of  tbe>  midtBte  q>pCNJit«(  wbh 
dtioep.  !  If  it  were  pomiiile  thtit  nicb  aii'Brr^Agemcait'fio«d4 
takti]  plaee^  the  wstennnn^iliU  rbe  a  :ci6nduct4Mr'£ra«i' ^he^tldlm^ 
Ihir  copper  witkbiul  decbmjpcdkioii!  t(6T^  105.)  V  'but  iha  arrattfi^ 
ihent  and  -thb  iiq[i0BatihDS  x^ehs^qiieiit  iipoa  it  ^nre  altog^^ 
#k>Uoii|:a  iiiatiTeyBBd^^^th:theiiix<^]itft^fl^tfa»«1iel^ 
the  two  elements  in  their  proper  places,  wholly  inconsistent 

with  the  pheaom^na  exhibite(^jt)y  ^hi?j/??l^iTO  i  ..:..fi 

..  It  appBiu*^  >y  the  followiqgtqiiptat^wi  o^'iifiJ^  abstvact  <^ 

one  of  Dr,  Faraday's  Series^f  Xle^drfCJ^Qa^JthathiaWieiiraoQ 

fbti  *aafagieet  ai^  somewhat  auooskr  tb  fchoae  of  Dt^  Ro^t. 

^^i.TIk  ^keoaliar  feature  of  thi»)ibodef)tof  disoharge^  faoW^ 

^halj'whtch  attends  electn^aitioYi),  isin  it^'iiM[}ilsistingy^lttdt 

ibamere  interchange  of  electrib'fdrb«f«l'a«  the  s^aceiit  |>6l^ 

bf  contiguoiis  particles,  but  ih  theSf 'acttifit'siA^rdtlonjfiitb 

thi^ir  two  coti^ituent  particles ;  fhose  '6f  eliba  feiriff tfaVi^lfiM 

<i!)n wards  in  contrary  clirectiotisl  aiid  retamiiig'llke  wliole  ai^^^ 

,??  .%.fercp,>hey  had  acquved  durjp«.%j^r^%ju^  -^Vrnm 

rii.Jt^itstHghl^.p:«rti<ying  to  me.  to  jrpo<)tdiini.U*ftjSJE«i«rj«|i^ 

ikW!<>>iD^toffic«s>  iiiT  whidl''  philosoph^-s  so  diatiikgiiiched  ritif Pvdi 
iesiiarBlFBBaday^  (dSb^)  atd-Soboentein,  bavewdo|iedi(^[f|iiiMb 


L  *,  TwiQ  pfj^ny^p^r^  w^re  read  before  the  E6yal,«^Gi8tjF  iaJiJiuiy 
).^^,,imti^}l^i'j^^  to  ft  thearyipff«>MndsfS  aild 

^^A  Theory  of  the  Tides,  including  alheoryiof  ^bc^forD^ia^^e^praft- 
jRflg^^finof  w91^*^  The  foUowtpg  ab9trao|qQf.thei%gii^it>ibl^e 
sf^^U^  v^iae  9$  ihe  Pbilosbphical  M«^atiiiaa,  rfiriU|^4ti»wlilHiliAc 
^l^pip^eic^lfumed.As  a  discovery  by  Dtv  I'4rsd^tiii»ili8i8^j#«ri(bnf 
gf.tii^ le^ii»g  pri|i4ip}e9^ttp0ii wfaichibe  fiWfh^P^Pnfiiti^lMtltfftah- 
f^o^xuifwaftttbaa aUempli0d.  : .  v  »•  ;w|. .^.^  tyr  bib ^?,9m\ ba-j 

\  ,^^^jiQ,  f^ibo^r  advancies  the  hypo^^si»tb«i)aai^(paLttickj»fi3aii 
^^|^9,.l^q^^  (after  rooeinrHig  iM»  ua»piibari»]«i^iwrtil^wdiinH^^ 

TdP  bf^.jtlje^e)^y,.^i\^hi  to*  a  state  of  r^sD^  isiietlrmdKbe^iiyili^ 
«^f^^(dty;vi[^tl.^  y^pit^,  which  continues  its  4BaaiiQn;.beybnd/'tiK 
[poi^l  ^o^^^etj^ll  U  o.r^mally  ee%  out,  ai:id  js  tl«rowa  iokO'DontiWl 
y(Kr4^F})  Jp(piii>i9^l^r  ani^logons  io  the  mo&>a  of  a.pendiilunfif«[tHa 
^^;^i^^yo^A'(>P;tl^  priiicipte  of  a^ooaotinual  transfer  of  thenstdt^laf 
^^^  par^i§jti>.^tae  a^ae^at'fiartieles,  to  explain  the  pheaoiaena 
<jf  con1J9^^i9^iMJL.&ri9ipg  fipni  a  prplpn^ed  sucfiesaidn  vof  tfllrii^ 
tibns.'''    "  The  authqr  applies  the  same  prmciple  a&notmcad  irnVk 


ti^  imit^dtiii^itpfltienoft  ef^ioinG  ftpdiDiil>p^Mrviirfa£titfeh^daedto 

t^)Ha^^n^'t>f)  slsa/dWaleO'Sib^tj  aMaii^:4ilie>rttrhiciidf^()i4)^ 

f)hraiB0nmfiMSr M ^hfickl -thd  tdi}f  c&ItliiuiH>mfdishtdt havjemM 

Bofs^  ^xperimienl^'  <tf)D!'*  PiixBlda^B^(iibie^Ucka^n 
f^mNliiced  throQgh  tw^pai!aQ^'{ddte8(iifi£ia0.iifid  plaiting 
^QQi»^66itic^  oC.wate)*|8»tjCKBei^ndyikKUde  of  potaasmm^  botii 

gaper  on  the  t^e<rt^ip  oS^i^i^tt,  i&sim%/tl^kt'of  a^bniJtraiat'ii^att^^^ 
r  'm^e,  hetw6eHim  mitiity'iiihms'6(  a  mediuto,  to  the  ba^  of 
OfcflkltiTi^  colunthsdf  i«W»d>H^ii«rt«i^  W'a^   and  tides.''  '- 

Jobi^^j  I  pul^Bhiid  tk)3  iJMfttet  dt  a«effte»  of . pafiefis  e0title4^ 
^^^M^iin^s  o#«a  tHeet^  loiexidedrtorcbnilect  the  operatums  iof  nd^iiiire 
fip^njr,ijti,^ri,pi{iQ,gH)l^.?[  ^^rojipu>viideh  the  following  are  eiLtai^H 

f^umstances.  -preciselY  as  it  exists  in  the  orifi^inal :  aiid  this  extension 

i^t«{%i>^5^7ffr5fl?ittfr4o  fdiS43Ml#lt/& 

This  extension  of  derangement  is  usually  called  induction."  **Wfit 
|fiip«^ri»^u<yiyd4i%c))^i^'}n4he  A%iial6zVol:  I,  ^@^^94,4ith 
tbe'i&itiiMifiheDe'mti^iriseid  t&,  iitaUes.  ^i^^l9rdwLii^«ltatti^liiti(ti^/<^ 
lif^JMigpnleiil^  imguMmi'  id  eKtend&dia  (tth^elr)  IrodiaajfildiffiiRadl 

eA6rcised  by  magaatif^b^di^  aVadiJi^m^j^ftwiiftaSi  «fefe>»^(Si 
feet,  exercined  by  the  intermediate  body,  ¥mich  becomes  a  tem- 
porary magnet.  The  facility  with  which  such  bodies  return  to  their 
(Oatdrd  i(t^lld^dfl1^  removal  of  t^  ^Y^eitted 

hhiift  §)^ie^or n^^eiidtii'from beiag ob^ert^d^/^^io^M^odf^li 
«it^©fiw4»d:ii(lary-inQtion.*  •   .^   [..To.lj  lo /-t^o'lT  A-^ 

oiif J%dilblbwi»jg'  e^ifkf^^  from  a  pa|>e^  <^  On  bi^KlA^>  «eti^)dti 
«iidJw]iithi^4ts^!atidB  t^ne  16  in  fluids  to  asstfrne'^t  ]^«UiM^>4^^ 
^Mihe<jfWilh^41^- Wl;oF  th^  Recordi)  of  O^c^l'Sol^^'ki^^O, 
-«i4[  dio^  itflfiat<lti6']}i^p^Uoii  df  ^ifohur  fbfceH^ixkd^m!i>}  ifikiiH 
ved  Hnes^  did  not  escape  my  attention.  Iti  *ebWiBtpetie&6Hn^^f^ 
iiBc3eB8fci6f/>4>ri5r4(^!mdn^tn'the  tbe^^kr  b^cuit, 

)m&anii»  afiM^yO^p^^  afe  e)on8tati%  disposed 46^ pi^t^ 
^atanectf^M^  >cS^ffiutii<5^iota  between  4h«lr  opt)0^Hef>^ti60*^^ 
$iiirajij^i4h^inijedfii»tf  of  intermediate  bodkii^  althqrsgh  tbeJ^i^^H^ 
9ik'y>in£^vi^ri«o<Khtctors.  The  magri^tioourveft  ^Qrik^^  t^'^^^ 
kodJi-endemd  ^kMe  by  means  of  iroD  filit^s,  ik-^  *6#>^tH{i^><ibidi'r 
didn.?..ff  These  (Atri**,  or  rathef  cttrviesfortn^^pfifa^l&fprfiifeftf 
INrlneh^xsanonlf  gite  t!idtii:>n  to  the  solid  ^e^d1ei«9'^^l^^>^«d^mj^ 
dniijbe  saike  manner,  prdduce  the  'actual'linki^i  ^a^(d^idJPm9d'^^ 
•doles,  by  beadkig  the  line  so.tbat  ^  twio  f^i^^ttfiSLfmtkrf^Em 
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pj,^¥^/»ainc  VffiTji  p)ap^-  -r- —  r-i 


liqiu,^  peg^five  surface  through  iH^«idp^<if|)0ta«8ittm^'W 
decomposition^  to  a  positive  fStirfac^bf',thtffc6tJtieii.  ''to%M8 
^tafet,^,  the  e:a)9riTnelit  itm\tUiM^i^'Mmt,'^^i^§d^ 

,■1  in  tms  case,  tne  cvrretic  wouia  fte^'fioifi^tl 

mM,fJl^^^  our  e^cpfafiaM'iM^M^^^fiteai 

that,Xm,eJwrQiytecovcrea  the  ^IwJfe'if '  tH6*cBf>gfei^ateB 
S%yieiiD.9  :at'»,'<4rcuit8  wbu)'^ 
^Mtti  Mgativfe'^pifaoe  of  the  ziifcifttfefiiMBiiWA  j^fHttB 


to  the  suxroundine  popper.     If  jre  remoye  the  zinc,  the  same 

circuits  wiU  be  ^wW',  tflfijhejr'^ai'hb^  be'lbc^fW^  fte 
part  of  the  copper  wlicliiiresents  thd  tte^gafM  ^Ufiity'MlI^ 


■^'ip'i^<ifmfsf\^^'^mwp^:-sn^%f^^,^^;^fff^^h  ^? 


Ik^^,  ctarafltcJTjpf,-^ 
rfaMng.  or  by  y^q^^L, 
^/ftPldied,  ^ratlier, 


fHi    „_,.  -„ thw^fbeiimHh 

■  thac  to  the  'actual  covering  th^Vwii^fe 


f,iSKp, .-  irtbi^Mift»enqp,bft  opr 


^  9fl^f;ea.ff>fti  ^  a^^  ^Im  of  C!^, 

q«^S.)ifq«id,nj9stl3i.dy.bej)roti 
i^ch,  they  would  ^psent..  By  m 
Kfitfi «^d,«pptingAt  f itb  a film< 
ttrt.,^n,j»^igriiB4,tQ:9PPper,  or  , 

Tife*[*e]Coi^,,jf,i^.pMbable,tl^ 
fetigtffifloto'Wi'fOpper,  sheathmg 


'  protection  should  succeed,  it  '\ 
^ffiP8bfrsy^9nj#<?fB,^psjo98  tc 

9t,tgs  le3a^fer^9jq?,of,eleGtncaM«.^  ,^v,.-^^„  w.^,. 
-o-JiW(Si^ld<Hfl  yeptu;ted  togiveaijy  theor^?cal'pt>l 
^(,^T,4,^pL.be?p  supported  by  ^perimett  dr  net 
me  i^f^f^t J^istaAce*  feeling  the  imppi^nce  bf 'tlif^'^iQ 
ft(^,,J(^  jflduced  .to.do  ,.§o,from  ft  wi'sb'i&ftjjb^'" 

,S'lAiaUofElectppity,^c„  Vii  l,pi.ffel9^"'™^"«'^''l  °* 
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kwxi  a  suiffie^abt>roof 'd^  tbo  bedeMty  glsiip^rti^^t^^bl'^ 
expegkaetA  in  ther^lhUnvf  ^ci£  tto  'pi»[i^prl)|i^s^nb]f'Sii  L-. 
Davy^iDr  a  similar  piiD|»Be;'irtx^  't&(KJgh.fiMLdd^io»<$(^§&l 

iltaiui^' which;  m  ths4itM;0of  our  kiu9f«rledg6iiitth0tiite6^cii^d 
faotiliaTft twehdevcl^pedjbytJMofyaloae.^  :   h:'' '^o 

'  305"  ,/ 5^/ fo#  <lfl6)if*ifcdfW}f    '»-••'  --    '»'    n 

306    ..    31,  iqv  (10a>  i^d  (109). 
3ltJ    .      21,  for  (U7)  reia  (fiS): 


\ 


f  ,         "*    •    ,  <  t  •'  ^ 

LXXV.      0«  Electro-masnUism  o^.  Ov  ATovi^^,  PoweT'* 
jS^CHAiiLEs  G.  Pagb,  M,D*^  fV/^M^gio^CHty,£>.Qi*^ 

After  the  first  succesvful  magnetizlation'df  Boft  ircfa  by'tRo 
galvanie  current,  and  more  especially  6n^tHe  unnocmcemcnt  6t 
Prof.  Hepry's.  signal  experiment,  tke  ittggefetion  nattiitaHhJ^ 
dectirred  to  ^very  enquiring  mind,  ctiun6tihi$'iinixi€f^j^e  attrac- 
tive poiver,  "so  easily'  developed  arid  conti'oHfedy ; be'  rpiidlei'^ 
dva^ilib?^  «i^  A 'rpeqhatricail  ^gent?  ftie  fln^t  sueCe^'l^^^ 
tbWkki^ttKi  attiafoi^ettf  of  this  object,  tif  ^hMk  W6  ha^e^  *1 
t^a^MlW^  tmdeht'm.'  WiBiam  Slurgeoto,  a  difetin^fcef 
philosopher  of  England.  The  next  'briginal  inveiitioii^\b>^ 
MfMhif'ttn  i&depleridetot  motion  )j^as  obtaiiied  from  ^ectto-taiBgj 
nefs,Va^  the  cidilltrtirig  apparatus  df  Pi^of.  H^iiry,  d^s^rJBi^ 
in  a  ffretibtt^'N6.  Wf  this^  Journal. f  The  next  inVention^'of  ^iiy^ 
tidte,  was  tfet  '6f  m/mtchie,  now  very  We'll  kijOWti  $d  *j^ 
r«^vt)Mng  ma^8fe."^lliis  irigeniotts  and  i^ira^le,  citriMVattfi^ 
VWH  af^ayi^  l)e^rd5(aVded  as  a  superb  pbilbsopMc^P 


W  do^s  tiSfc^'fe^Mbft'  {hat  astonishing  rapiditV  of  %Ma»'A5'fii^ 
)ih  ^&  ^ff  aijiknge^  by  the  use  of  ,sdUd:c(in^6t8^^,'M«S 
afl^iSst'i'iffa'Wit  fA-mofeDleasinff,  as  it  shawls 'Stft*e;iiilJ%'H 


fi- more  pleasing,  as  it  shawls 'sitfttiejiiJM^^S^ 

tte^tti^^etia  iohition,  the  vivid  sbarts,'  aM'ii  the-'  i 
Irettti^f  dpHical  illusion.  Some  tiin^  aftisi^tliie  tttitfdiiii%< 
oiPiHikitisfriiipentin  this  country,  Mr:  Daiv^pbrt,^^^ 


Dttvfej^t^ad' f6r  a  long  time  been  occupied  WtHe'siit)] 
ahd^Wit^^Bot  a^tfe  of  what  had  been  prt^vioAsly  efeiftyfl 
otfti^fe:^^^  Scrfla&'Uiiit  Mof  alsd  to  thisperidd,  some  fritlte^&t 

-^^FfdmRSilMrflaA'iC-Atti^teatalJeumali  '        -t'    -'jl:'  r^  )  )^^ 

•'+/te'BKaifi%ayth6fiffit.  S^ep.4S<y6frtieiire8biltvi>i;  Ifitoife* 


J^^V^^gS^^\tleciv^i(>fm^  £56 


fi^  iG^,)$i4tmf>i»f  H  ^^^>  uyieedy  »thia  igeDtleokapi  app6la&  to  hairri 
bl(^]ih(4%ifir8^«^<t-^^  ¥d>o  fwddiBiced  t  a  rotaor^.  ekc^tj^o^ 

W^ff^^i^iiia^cbiM-  •  1 : SiionQ,  dba ;iinii«^iii|QenpeBti  a£  Mr;; S^velii 

bM»>p(|]^m^'iQjJUfl«oiiid^rj^  umiUheiooBiiiifflEt^ 

of  Europe,  and  evea  iik-the^^fiastjIjidiM^diavelall.^iitrMited 
to  prove  that  the  smallest  enginfts  which  have  been  made, 
have  had  by  for  tiii^,  gr^^^  j^rpjwrt^q^j^te  jK?wer.  Since  I 
first  gave  the  subjpfit  ,any  jaj^t^ntioa^  1  njiYi^  h)^  sixteen  diflferent 
models  constructed^  e^h.tnVQlvin^  ^istlnct  principles.  From 
all  these  experim^iijtd' the 'inference  is  stiM  the  same,  viz.  the 
fewer  the  magnets  afid  the  smaller  their  size,  {with  certain 
limits^  the  greater  the  ratio  of  mechanical  power  obtained^ 
Such  experience,  as  this  appears  discouraging,  but  is  by  n(j 
mean^  sufficient  to  pr6ve  the  experiment  infeasible.'  ^e 
nuihek)US  feiltu^es  are  nuchas  have  been  incident  to  the  pro- 
s^QCUtion  of  all  ipif^ntiqQJS,  ^lii  .^h^r  early  stages^  1 1  .i»  miv? h  to 
1)^  r^gyett^,  thiatifijCflAi:  /rpuntry  tftiq  invjwMion  should, .  be. ,  * 
w^jfictof  meircen^y  ^^g^cjuylatipa,  wlien  in  rpajity  it,  has. ^ 
Vj^ue.e?.Q^pt  ^  )an>f  peiyxnaj^nit,  and  tiud;  the,^b^p,  ^ify«  i^^^ 
fp^  jG^aipaislpd,  as.tQ  witMr^w  lldat  Qpuptenance.  an^  ?p«9S^afifrt 
^tiwWch  the  .e^perwfent  really  ipqrite.  ,^^  mmilM^ 
^oa:e,.that  auch  anmt^f^estmg  brapcfr,pf,»Q^efl^§,.f^ig^^J?ft 
^^ .traduced,  aud  that  the  very  »an^^/oj^.pl^twq-«lfCT'?jti8)S^ 
oii4d.^Qpuplp4wit^ewpiricism.  ^,  ■  .,  .,  i ,  .n^o,,  ini.j 
[rh_^eic^ b/&  »Q doubt  jn  th^m^  9^.1^1  ^$:Vw^l??Wy 
'  a^en  ap,el)^Qtrg-»ap,gnetic  engine,, tb^^.  it,  j&^r^fl^^ 

paj,  j^wer.aVeaay  applicable  an4  i^?^ }f9 ^ PIsrt^iBJ  ftifri 

\  v^^l^^  the  maintenance  of  that  g^vWI  ^8  W*  i^^^n^is^ft 

-,..oa^fiHJ^^:  -  ^\  application  of  th^^rpow^,  cMftofc.^b^Kf^^ 

^mm^^$^¥  ^ecfia^fcalor  tvorhizgjmmrypffl^,,nm^^ 

^mSm^  W  f^.^f^htne  increase  in  ,tha  dim^X^m SJ/i^m 

^^  W  Jlfqv^^wlien  the  cause  <»mes  to  .be.^pM^ferg^^ 

'  j^fft.P/?^tainwwig)E?iaent^thi8kwmu 

J  iitWS^^S'^^y  ^ipn^tri^c tion.  be  at  pre^^t  isomewhit  ^9jm\^f?^^f4(9 
ir^lWiWjiely.H  4bubtjeas  wfll  be  sipaplifi^.^  jA.^p^ff^fe»if| 
h^^nojwWS  of  co,]|lput^Jg  the.extw^f  ^ftgi^ftif«i^i9ft,Wi^ 

^r<R«  #^     by.  A  g^vamq  pwjof  &v^,^m<^tmyifl^mi 

'     tofth,&e&Wy  iftmexsed,    ft  ^fi^^t  y^iy^^JSiw;  »»?m/*ftfe 

,,.fgh^,we9rdjiwrw^e^^^ 

6tire,  1  have  succeeded  m  producing  an  attractive  force  of  over 

8G0  pounds,  by  agalvanipp^ir  haying) Mly^teniMQiMe>iHches 

of  ^c  eiy?9S.edi  wb^yeas  with  the  u?^4,»i^8SffW^s,fit 


^  Df«^?4f(V«%dktgf» 


the  fir^^.oafinqt  J^  »thww]feMfatifc>fehiapI>i^3r^^ 

Tj[^  ^lubi^b^^'ft^y^^^  life  %rM(]a9lMi4<aUQ9Hi]s^c]f  &■» 

tfai^  steam  engine,  in  its  ffrim^gt|«pifivAi«B»iri)  faMi()cd:tEliiBiii»ti 
eiv^^^al^tj)^  tl^iBisdstoula  blQ  Ibttlt^^WpM  ibaim  tBe4ifanaiiH6n 
egir09';i^valv^bW,  IncalcuJabteib^eiidliCijr 
sopi^ty^  if  a, new  and  ma){d^ t»iQdimiidll.^;iB^  cdiild;te*^mi 
cureidi  available  froxB  tha]bo£4tsfA|^^4ttBi^ioroadoy:t^h8t«Mi;^ 
A  i])altitud^  of|  jjf^d^aniaal  fi^^i^iitoAiare&auMr  iaMbi«dooiiiff 
aj^aial  p^viiF^^^.  pQ^eif^^r  ^kki^  ^iMr^^iatoamliMhret  x;Hiai03 
well  be  used,  £rp)^{|Jb^||€^AHf^|kiSi^ 

sj^jfgi^gane^il  i^^f^kcWb-inagmtoQffnw^BS  4»b  obI^M 

gia4a,9JfP;|^<%cffio^S^fili^ift|idlea9t'^fepe« 
neti(?,engiB^,5i^^(^iPP«teif9t  Iwait^ :  W»^«ttim'{cai»p4loriji^ 
aiid  p^pen*a.ii^#  gig^^gri^rt^iB  f «^ia!  thai|rjehfiii«m>endb*^^ 
Tq  ^^(c^f'i^J^hi^^^if^l^l^l^^Pi^^^  wixfihreonbiii9^(s§ie^ 

*fM^>^^*^*^^^^  iWght  :to;l^  tfeeiOldy^ii^pfA  ofedascaBcba 
*9j'bfl6?fi  S^^*Btl?/:.l;>fti  little.  dwbt/irQwJliie«dfataivBafaJi*a<^ 
Fi^^^e^b^^^ifiP^f^  f^uivaleivt  :lo  ofl^hoiise  in{32»4)eiobt#iMb 

iif^m^  j[^.j(^  tk^^lSplicBLtUm  oi  tliia),p9fw0iv  thfe  £dlbwiii|^x|^ 
n^^  ^U^  ^  ^!^^1^  -^!  d^ducf^  faajp  iiictaaihtrfptiinwh  tcedw 

^J?!?5S8f«'*ff}^J**^ttrpaei^J^i«jiipf  ©€  ixk>Wfffe<|puBmlfime 

ig  piop^tifif^\^^%b3r(^|^  aft^  jMir.  Wfae^JMHif  ffaio 

c^Jciildf ed  tK^,r#^i9i.€^^Qtr<9-m<M^'At. 4»{lg<»dd  idandpitfaM^allt) 
1^5  i^J^OOT,^^  j^pja-.s^wi  .  AdAiittiibg  ( %t7«l«4ileil|9a 
ey^ji^^iv^ilow^  4«^te:pf  tfbiioiivpaartdmfc'tkii  vtitt^fltiiMU^ 
tiniue(  rm^ired  iii.,grfingva.v^  hig^  alagiifet>  its/ ibanamlia 
charge,  woul^^^  ^  jiye^f^tiblo  .it^ms .  >  jE'lv^ifffore  s^ingM  ilii»^ 
palse  or  disch^ge,  as  from  a^^poft.i^lectr^  b^t^ry>i4\^e(^ 


mnit'ij  I      ^Y"^""^"'  iil||ipnminii.H  VK^At^^Ull^ 

UeHs'imt'fit'ifatlthdJnkMif^ffpo^ttgKin'.'  •"  '''  «ij>:>i^3ill 

bMc|nt  attol^i  i%ha)dUbnt(b0ilH:tVMien  the  two  for^  '£1'*'^ 
gtMtM  iDJSlMbounAgtwtsy^wtflBF  t^  «anie' reK^rqif '''1%^^ 
itiUmiBOtiw  iniBenwfakiii«fieiWeK't»d^iakb'tbe^T^tdiST« 

«Kiiit»thMr}fit(flD>^«bewMkUHt^ki't 
iaAdeNtf 'th^iiteelttilMiH^i  iMit-nk 

iubsBM:£Ai*fqiclnUUnu<id4t«^l»il£(d>m'liWfi«V'J«Ha^^         ' 

wheotllMiiMi^HdKMcniituHi^     ThiS'iitll^tat 

ciiaktfmmkHi Hi  .Mgn^ft-btitlt^ei  %'bike'%i 
8ffinlMttfaFyjipH><wUdth^^at^'^n()t%«:'^ 
tmtMinnnAaxgBA  h^Aiss  same  bttti^yli'^^JSe 


058  D^l^ei^^\^ko$ff0^m^i^gn6tisma9y^mwi^ 

dlmiQua  ijEneoMiiDliiliciieMi^  lbf$.  ppwor*    By  Aec^^ajTSfimip 

rents;  are:  here  iniJciiitirttiQii^/ielisrQtflis  which  &cm  m  th4tCf^\ 

dieting  ^itW  ^ititm  ytWi-)^^  ^g^tist  itbe  battery  ^ewreq t»  wd 

mtt  cobfleiqpe0K^3l9£i^ff4eiP^p)»e9t<Oi»i)€»s«tm 

otf  of  ,tfae  .at^mximotioD;  <H?>lrt?|i^«oii)4f7twi9  ?h«r^ed  magQ^te 

These  currents  are  found  M  ^my\  AherfoM^Wfingi  liwa./    -  { .  , .  t  nt 

(i  iTherbattery  .paw^a;e«(m«pit))g:i^4^r«^^  ^»ir- 

lotmding  the  tnf^gvtitt,  the  gifaM^  tbc^^vqw^T'Of.^be  $e<ppn4ary 

<ciUrenL'  '••.••  i     .  >    .-It    di^/a  J    •  •  i  i.*  r// 

biKAfteroqe.ooil  has  been  w^mi/i^  u{)pma jaagnet^  the«(14itm 

^aideobnl  ooil  increases  th^)pi»wei'  of |  the  soco^xiaryHQiifffie^ 

4taL.d  greater  ratio  than  tbe  power  <tf  ijthe  fimagoet.    ^eiaoiei^f 

itfaaebeen  found,  some  uia^bin^Arbaw  bad  greater  -penF^r 

'irhh'fewo  codJaof  wire  on  the*  mainetd  ithan  n/^ith  ft>ur  €ar-^y#t 

mlthoqgh.actiiMJi.experiiiAeiit  pl€ii^€ts»:  tbiEittbe  real  or  statloi^ 

f^Kiitw  of  the  .magneta  is  lef^si^raUy  glteat^  wb&n,  a4ai|||s 

cnu^ii]ud])<rfri:(9illiL:i^tused.:  -  'AcfK^ding  iioif^rads^^s*  iiM^:«m))g 

discoveries,  when  magnetism 4^ide:reiQped(<  in  a  bar  rodf^^^ 

JuHtkKfdrwithtii  a^Kx>  a•eeeonda^y<;)»rreoft  flows  in  tt^tUx 

,co&t■fE|r[b6t'tbe^batltef9iC«rrellt.  Wheiitrhe  mf^<nefti$m;c^f|s^ 

Ithe  smtcnidiilirf]  ^wft  ill  tbe  earn   direotioaast  tiie  batteryl-yi^^r 

iretaA;/ 1  >Tfae)devf)h9toe«A;  lof  magiietism  ia  equivalent  tQi^tJp^ 

<detcraEnidtiooJoil[ni09f$l^        inagmtic  forces  tow;eii[d^ttJb^ 

poles.     The  cessation  of  magnetic  power  is  equivalent  t^^'9 

-retreating  x)fthQ&e  forces^     Now  the  approximation  of  two 

^^€j9|:ro-i^<a^nets^£i4;lracting  each  other;,  occasions  An  ad 

iMVgttieiit  Of .acc^^mulation  towards  the  poles,  anfloon^ 

'develope's  a  secbiidary  current  flowing  against  tne'^ftiitt 

rent.     The  power  of  this  current  ir  in-prb^fll6ti^lS^4he 

ivcdpcitfjh^^itktwhieb  the  ua^iets  apfHroacby^^R^btpt^e^  .^r>T 

oi'iiWIs»nttiv9'avkch  magnets  in  proxinply,*^  QiSi^tlE^  cW^fl^Ot^ 

^rtad  by?imecba^iaal  force^  a  reeessionjii^  fbCfqipnii^ai^t^Qf^ 

-taibes^liuraiaiidoonaequently  a  secondaroT'iAde^i^^^fto^ilg 

^t  tbe[  sbnre  direction  as  the  battery.  4|U(rp<bt».  { .  .TM|-^f§f^f§^ 

^aaAepmdmt  motion  of  an  electrormagnf^io  iwobj^^r^^^ij. 

'Jnisbsi9ifae|infl»eiMe'0f  the batteiry  ourr0]»t inprd^r^iq^jji^jt^ 

K^eleaityi;'  wbereas  tb&  applioatioifk'  mechanical  forpert^^^ 

Jthflt  iBfiieh^ile;agaanaft  iJbs  own  motion^  <;ontrib^l)e&t4^.ftiYS4ilfkgr 

netizing  power  of  the  battery.     The  same  rule  applies  to  the 

^itoWiqff gdf MpeUi«grpole8,  ..   ..      ....  ,,.;  ^[^ly  * 

When  two  repeUing.electro^mdgneto>9^tmadb.tOta|4>rm<^ 
each  oSier,  »i4oes^on  of  the  magnetic iforeea'taketi  p]a6i,  and 


41^^ t^§fl^  aP>th^  fe^ttt-jr'  durteiil^  •  L<M^W  tife  ifoi-^w WTithd* 


eii^Hbed  in  tJielai^'ixtl^^^^>ofq€6l^^ly$ld!l^  the 

j^^ottdEiry  current  *M^^^m(}^m^^  m>W'di^^ 
rate  the  veloeityof  ttfe'r^^iltiffg  Mi>nnoi  'vm  ^i  T.r.-..r»  -VMrrr 
'^  »It  \^ill  HOW'  bte'^adlly^fedA3b«t*tr^^^*«*^-Wa*tOGtsf{^ith 

would  cease  to  repel  when  the  machine  is  in  motiontne-fflBflB 
&Ui^tiv6  forc^i^  edfistitUt^&^tfi^i^ihoiini  rii^tiver^powef^nd 
vifhetk  'the  Tek^ity  of  tHer  mardf^Be'  bxceedis  ^hit  iirMcliitheBik^ 
^Isive  powers  ^^e  wbutd^  giv^  it/they  at^  of  &O'^6(Iu0\w^al}- 
«Ftrer^  unless  tiL&f^6p^M^  in  iebrij^oreticni  with  attrliotiiiM^fdrdedf; 
iMi  even  where -tbii^i^l^h^Mcil^/  tfa6^s«<;oi]dary  eoorrent^ani^g 
iS^^m  the  Velocity'^  ^<^  B!^delitoe/  mif»t  <i<^<^ibkiiii»so>,gi«^ 


IteW  <rfrepiilsioiiVniu'a*'tak€i»Tjlb6>e; ':->';'^J  n'l^/  ,8')ra7oo^.ib 

^Hli^are  thos  6nd^V<uste[d  iO' pome  ocilJ^^  mSAiiaiupsitaBi 
4^(;h^e  •  difficfuttiids  'iii^  the  way  (if  tber^i^^idlittcml^^Miigjpbwev, 
i^Mk;hhecei^sarily%u1sig'from'th«co3ei^  ailfl 

H^gHeti^m.  There  ane  many  other  ftsndQfii^teettf^enilrelyJQi&B 
9if^cha(M«al '  natusFd,  which  perseveiwt^^^ wilb^doub^ttBsi'o^^ 

^^iUdfhii^  f  '  .  .  .'»  .)  J  >-.;   J  ,./    .  ."i  to  ifOfti5a?oo  ad'V     .«'>Ioq 


Oi 


Fig.  3; '^^t^ '^  Vl.>  t^|;^set^  adtiiipi!6iid^ftoa]^ 
T^^y^^  kid'«h^  «i^er^UM^iii  exh%itti^ifb(j  fiftag^ 
pl<^ri^'bfmt^ikli»;>'VThcugh  thet^ 
mi^^^ttit^  i^fiv&^m;  te  inferior  to  the  oohf&vasA^^sSB^ 
m^(#i,>d^^^Tib€^  itH^thetladt  number  of  this  Joannd^  ^tiue 
^mDti^tiWli¥6  fil6r<d interesting,  a^tUiByafe'dtmcti^iaii^^pto^ 
^^6tt)d|f  ipr^dt^d  ^itSiMt  the  presenc^e 'O^iedi^cjj^ii^aitrof 
fttf^iglhottl^^lii^i^. ' '  'The  object  of- thW  i^dtrwAHe^ViaeUts 
il^M^'^Ief^ttt>t^!i!rk;9)itnplie8/iis  iohfttik ^e/^^oiati^faa^ asfit 
oil)  ul  djiiij-q'- ;  •:.:  '-•  (^t..   •.  .'  ..  •  "  s.ijr'to  I'^woq  ^nLYijon 

*  This  instrument  is  described  at  ^^g^'ms^i^^^f^  ^S^ttte 
i>I!T»  iljftbe^prefittrit  V^ifine  of  the  Aimals,-  'fiifiWfyf  owJ  nsriV/ 
I^jit  From  £iitiiffiani^<^ilmeficap  Joarbial^  fboiCkstobvi^  }SSIRo  dofis 
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7   9IfI08 

re.  in  aov  parr  a 
le  spiral.     St  is 


)fi«Wfr«  ,9trt?.«<rilp,^  .piec,e  «j ,  j^ef ween 

■fWP^".^"-  ri-  ■      -^  ;'•«,'  'Tiiriw  .>  leiii  «iii  <". . i"  J.'   '^'.''iRTir 
(floipijtfliin^,  A^p,  concentric  fliercurjr  cplls^;^msuwted  froEpj  e^ 

,fpJ^er^\p^.,qo6nected  with  t|ie|  poff ^.  bf.a  fcaibry  by  tlie  J^m- 

t€|,wrfi8,and  chpb  P  n.    Jhe  cent|:4  of  Oiis  boiK  is  open . 

lit tW pbaft 01  the  magnet    -    '         '      '     ■       "■' 

m^&m>9f,^.  twnedcup  p^feM  w,M  .  It  cool^u 
.jbw9  c^Ito  ;i9);  nae^pwry  nearly  senucirciuig,  aim  ihsul^t^d&o; 


m9 


Lie  ana 


masn; 


oi  these  wires,  dip  into  tn^  concentric  ^elis 


of  a'H\ 


£i- «art  bviuufeia.^^^^ 


tremlties 

\ranf^mfii'w:.fiiWVf^f^^^:f'-^J^  rat)id,r0tatl0n  qy  the  fofluenc' 

Jll]  JjitlljlHiJ  Jlli.V  'I'll   ii"   '    * 


-^TY^ 


%^:iAv'Up^^\ 


'wndense  and  keep  ijpart,tR*?  two  contrary  el0ct:HCTneri;"nSfe 
plates  iqust  be  insulated  h-'bin  each  other,  which  ¥a^if6t'ltik 
■c^e  in  this  experimeni'j^iliave  also  shown  (in  tS33)  '^m, 
v/fien  sold^red^  tHese  plateYproducg  th^  sameresoM^' '  '  "' 
^''Tfi^  proof,  (hat, cprit^ct  has  Tiothlng  to  do  'wittiftfe "feffibi, 
^,'th'at  if  weyac^'Sie  two  unvarnfeheJ  fililes  in' coitfact  feV 
jCheit  ed|^e8,  UiVy^  sHpf^jiq  ^jg^s^  of  ^lectrfcitj.'itlie  lijfl(i:erik"(tf 


..,-,.  -,.-.-ity,.  t^  am  aDpiif  togly 
Jiatf  co'rit&ct'fias  nothing  fo'do  witft'ifl'/'"  ^|'  '  '. 
""I^'niide  a  glass  plate  of  which  ■Miefjfflyfe''^SaS' 
^^er  covered'  wit^  platina,'  being  llS  ijiMiBP-^'^ 
wHole  lepgth  of  lie  e^e.  and  varnUilieduiroiiE 
n'pii  ^' ffolfjen.cqnector  screwed  to  Ihil'S^itK 
ujg  tilatii((|'uii(Jefne^th}  I  theii  conn'e'cled'nn^m 
mfffui|e'(;611ectorby  means  of  an  insiila^^ matil 
^MflQtflft'*;^^  ((liWBecl  with  positive,  the  cbinm^iL  ^-.-.c ,«...« 
i?e'|K^eledtriS?'-Initeid  of  using  a  p]feW'j*^i 
wBrdsestablishedthe  contact  by  meansof  aii  ^SiHk^^iticWA 
waiper  pair,  in  sncfi"  a  manner  that  firstthe  zisglonched  the 
>^M6«tei\«&d>t)t^^e«^^^r.  In  the  tbi^  Mldes  tHdVUSiKii 
state  of  the  collector  wds  exactly  thfesanie  ;  tbe^  »h«wiiiibiop- 

S0lWI'M  %i  'J?**^i';&'i  }  ^^^°  changed 
U£  £oIa  ^eiQg  uoderiieath  upon  th^  co] 
ffi^jffife^,  methods  pf  contact  1  had  not! 
ij^B  i^heh  I  addfid  Bennet's  doubler  to 
g«^h"^  p,o  Jiatt  in  this  experinient ;  ibi 
TO^^iflpouhd  plate  had  beeii  made  oegal 
the  gold  "side ;  this  latter  would  have  b' 
inflnenced  the  gold  collector,  whv;^  ^P^^ 
to  change  sides  and  make  the'platma  qi 


dMik^p&^  6^teta4>«tti»id^n><Ihe/deiB»hbbQi9is:ItdatB9.}  ')ie»w 
•'^^^d^ii'y^te^]»t'plad«d  '-^  platiB»  oonideiaBca^  3na>initi 
iHSilb  %  (i^nb6«^,'i%!ke^^  gW«i|i>pldle(  tobki  thetipfHraiJj^ii^H^ 
platina^  negative  electricity;  this  is  what  I'.ancntionod.iiiii 
llB^.^/'-T^  ihe^Ms^^CMs^^fle^l  I^uted  Beanefb  dodaiery  which 
is  a  third  plate -^III^^  btt^i^  «6condi  /i  fiistibok  a  pl«lintt» 
d(MftIb)^;l^ikd  efit<e{)lifi(hM'^tai«talUo:(^^  the  i^l- 

lector  and  dondeMe]^;(tfa^  ^tat^tbdingjthciLbrokea  I  raited 
tiki^  ktteiri  ahd'tli^^ouU^iwi&h'^afsiupoiiiilij  The  ccnldenser 
httVitig"  iof  MlbSA  chafrg^  ^  it^  viegtitive  :^kotrifcity ^  I  neulrattfted 
it^^y  tib^Hdhftig;  with  my  fiiigwtberidoableri,  which  took^^  by  mn 
mi^!txc'^YJy^i\\t  electricity^;  I^tiienirepkoed  these  two:pItut«» 
oU'the'  collector  and  ve-establi^h^d  the  contact  bet  ween  diet 
cMlbct(ir  and  condenser^  tiien'iaigaiib  vaiifiii^  the  latter  i<afiA 
tdttdiihg  the  donbler  I  eaus^  it  to-tafce^iin^jspiiyaFaDaiiaesy 
afresh  qiifuitity  of  positive  electricity.  Irepefeutedthi&sdKttiio^esb 
d,ft^y  Which  1  raised  o^y  the .  ihinii  ^  p^aite '  or  idouhl^<akid 
tottcheii' the  fil^t,  that  it  might  ba^oh^rgieMS^' with  ^positive 
di^fctfieity^fey 'tW^  itofltt^iiciB  of  aU  th^^foee  tOE^ti^e  dk<3tiiwj^ 
of  jlfb^sfeit^biid  {Aallte ;  laj^tly,  I  raided  tiveeoncfasis&iitaelfiiMri 
^^^d6tfpm*^(^  showed  ^^  lir in^ieiad  of  th|s  platina  douU«^ 
f  ^^  ^^^^^  H  g<flden  one  ^md  operate  aimiiarly  tfaa  d^t^a^ 
tt6ii^b^Wife'^^ttt(nh«te!''' would  be  about  10°.  It  is  <^id^| 
iMi'mS  m^it^i  ^at  the  golden  donbler.  hte  tahe^tam} 
cfb^i^^edihdrcf ptlsi1!ive€k<itri«ity  than  the plbtiioaoBei/^tbpiJ^ 
^lacM  ViiiA^)f  tbe'l^ln^  elrcnmstlinces* ;  if.  we  .axiianga  jtb^ 

f)lates  inversely^  by  screwing  t6  theelectrombtar  ^  pl^jkina  kk>1* 
ector/ we  BEmst  have  a  golden  ccmdensQr,  and  then  the  me^ir 
wai^  ^^  saiU  bi^ljiegative.  aAd  obtai^e(i^,  ^ith .  a, -pl^^ 

In  this  experiment  the  third  plate  or  doubler  is  neveV  pia/^ 


ig^yeSj.^Jjf  tc^permit  its  receiving,  by  iiiflikendei  allithe^etetrttii 
1^  '^.c^ \ Qoerce,  TTie  golden  doubler  haviiig  taStiiig^ twiie 
as  much  positive  electricity  as  the  platina  one/and'thetalt4si^) 
gj^^^^^  ^^(^t^^^y^  having  taken  twice  as  much  negative/ it li 
^j^fdep^Jhe;^^  metals  have  4ififei'^iit  capacities  for  colle^ing 
ana  coercing^  ihe  two  static  dectricities,  a  power  whicikdilfew 
e§8ei|j;^^Y^^in  y  olta's  electro-motive  force,  one  of  itifitt^clii 
an^  nog  o^  cQnJaQt^  ^  If  we  neriect  to  employ  this  influei^il  of 
the  &terdgeneous  metals,  if  the  two  plates  present  aafeH^i^oA 
geneous,  if  gold,  for  example,  we  can  never  obtain  a  static 
effect  by  touching  the  colliector  with'pl&tina>-evim-4»hen  we 


Mr.  Jacksou^x)n\ja^1fkemif^0l  Qnoi^i^ii^pfiiiefinc  iron.  5§S^c 

indteslBe ilieif iEa^t  of  tiieo(^kide»ifi9fti]|^ ii|hf,j|^c^;9|i|)];^i 

were  efddefcjlyipiodaddi.by  «h^-|ri^tip|i)<tf,]tM  ^ftW Mffife 

'ifrhia'divOTqity  of  delectria.  fap^^^^^  i^^Hmwf^,^  dPflW/IJ 
folldwmgawiMmek'r-ri'/.    ,.  -..ii  ;  lUynh'Aa   'rn\i\w^^>i   ^mitrA(\ 
»i  ii     Pla4-e9ofdiffi}r6]it'ih^ftlld9^|l9t^)c§^^og|}£^'gua^ 

i  «2i    The  proximity  of  .3)  met»L  iis^fliiqpfi^  jtbei  CQiiiJensp}:}  ^f^ , 
ibaJces  thc»  t»keiniore.ofi<>tt«  eWt40M^y;iba»  tb<9,Qtbf^i;rf.>t  i<)j 

f  »d;«    In  coiislBqiieiW0/of4hisr{9jSM^]%(^Qf)^  ^9iB}^ 

iondenaers  being  hete»OgeueoQ8,riirAi*i4uea«}edi  rf  pipj^poa^^^ 
Hdakidg  the  otiemojrer.po»itiy^  »aojd  the  other  jcn^p^r^^egfttj^He^j 
dotihGit^  if  we  esstablii^b  tbe^eQid^actrbietweea  tb^ox^th^ 
takesithe  posit)ive>eledidci]by  £rom'the  pliitina,^udt^€ip|^1|ii)^) 
iSb»  negative  horn  the  gold :  wctn ,  /^Qparatiag  them  the  iojl^^f^p^^ 
e^^as^  the  smri^ufi  tfleotridtsr  ncqoired  becoiaea  fr^e^  ai^  mor^ 
duee^ia'StaticieiBaBti'}  f  I  ./;'=-.,    ,  ...  .,  ..,.^/.m^, 

^^ii'Shidl  Gonchideiby.ajfifiiBtlpvoof.  J  in$ul^d|a jp^V^  1$  c;<;|^ 
nmne  of  a  himAcedpairs^' iecwh  o£  t^^  gl^ses^l^n^n^e^^Pif^Tt 
I^tod<  from  the  pext  onfijieaieb  pair  WW'thei>*|?n|3^i^9j<jpf%, 
^MUdcHte  'With  an;  diectrtM3to¥»e>  8Diii0|4p^es  .^,ii|i^;f;ip4^Qf^% 
tfftries'biy  the  eppper^  aiod all  gai^e  ^^g^Uv,^JS^glm^(^^^p^t^ 
addulated  irater- acting  on  tbe  .pai¥^/>gavf^  p^lfiiiiY^  'ff^Sfi^ 
llbp^ughout.  If  the '  productive,  caws^owmip^  Ji^^'^f^Acjij^^ 
ihwrneMa,  the  zino  fwduld  be  >positiv^  ao^d  i^k^pptj^i^  ^9Sf^\^l/(9^ 
tiki  "liqaid  would  idiyidethede  two  9i^€^^.-^49|^^^f^^ffi,,^ 
li;qaid  whiohis  onlyt  a  cgnductor^  au^bt  a$,li  ba^i;^  4^WJ^  H^  ^ 
ci:»iimttaioatioii.D£thef29th  Oct  laftt^.-  ...^  y.i   /|..^-,..>/(ti  ^  rtnln 

titlHi^tlh     Cfhernicat  Analysis  of-'Me^e^^  trdki  f^om 
I    Claiborne,   Clarke.   Co..   Alabama,      By    CHAR-fiE8-»QP. 

!;;[^^^^^^^^^        •  ^'•--  '         -  v>,.y..i.uni 

,^/,4yg.5,i8^'v^'kh  F-  Alger  handed  ipe.tKig^yeffliV^^^ 

i»iU0jiilj..w,biqb^p.badfr^<^P^v®^  fr?°^  M^-  ^.^^^V'^^i^r^^  1^^ 
obtoined.^^  ^^P^^^n  during  his  travels  in  A\a^^nih''&iiSt 

fhov^it  frpff^  th^,, blight  streaks  in  it,  that  it  mi^Kt  be^'an  hti 

«€flily«B ('• . '.;.  ....  ...        _  '  "' ' '  '*'""  "^^ 

J ,  r  On,  Qj^ac^il^ipg  tl^fs  aubstancje^  it  soon  a^ 

fiUflfeiJeiii|t,&Q^  Wy  njetaUic  ore  of  terresfo^ 

iii»  a  very  peculiar  and  remarkable  meteor jtei';"'  J;'''* 

t..  Having  surmised  its  probable  prigii^,  I  Wjas'deOTitrs  of  seie' 

iiJff  the  gentleman  who  brougbt  it  from  AJabamii,^  aict  alttti 

O  »  O-s-  .        ..,      ,     •)'♦!]  ♦!:()•[ 'jj'Hj   silt 


was-,  o 


nK^sB^^i^'^  men.  wa»„., 


iHaffiiM'' 


i89in  arit  •gniwoda 


tl^^iJfl^ill'rdy  possession,  ^K  jy^clyt^^e,Mg|i^«Hft^^ 
M^a'bot  btitig  yrith  him  tlje  wl^o^^j^jjWJM  #^ 
t^Vind iot  tiie^^tnainder,  But^ave  not  ji^M'^f^  ^<fp^j^m^i 
He  is  pf  opmipn,  ^that  tb^re,  wpg^ 
n^  Ae  spot 'wfieire  tbjs  wa%  ^g^fg^^t  M^qt,pjj^W|!ted[ 

o}^n««bHRe>#«Bqu 
*S^i^iMiu^t)j  i/^.-....h  A   ■■/  .{j'itfiSTti  narfJ  g-y  noDuios 


a 


tasm 


KM^MoS^h  #?W^feWP?  fens    ,9b3 

niea^nmce  is  coatea  with  a  thin  layer lOfi 


Mhftff»^ 


1 


fragro^fejSmir^^gtgflMWtSftq 
tWIfilfesil^TaatS.^OQ^ and  6.  50O.^ . , ,^% %l64iH«fi,^ei^d 

ItfcSiifc^ySvJSWJubdiS.     ,"     ■  I  ■ "^niififq  s  ni  baiingi 

times,  I  filed  one|ide  of  it  Bright,  avS-J^^j^  ^SP^^^^ 

of  MuWr'tjftm  -^MleW;  on  fts  sjutoce,  #i,drbje€^5^^t§CTlW«r 
c«il«P  ««H  i'™d-%rofn  fijm.f  Tljia,lwu»4  lfl*0o#  al^foa 
allt&lfe^^Wm|M'1fdt^,'1)uf  gaveiho  '4bJ[ip^?«a<rf^Mtto 
tiftfir*ii^^Jfo*'*  W^iiliood^^^^ 


showing  the  ptesAtt 


8">«W.»MfcHlHe'*aW 
irtiliHifi»eof'liMi!t,- 
poSM"of  th? 'ttyft-d 


r r I ^rbflae's  conlliiiiea  ip  tM  meteuiita.,| 

hii*lhg'l*«i  -ciiroff^by'lUHi^^ijf  a  steel  chisel  and  hamm^j 
th^'sbefeSfiC'  4iky(tiiSS'it^i*''i^;e>liiined,  aad  they  werVtlbn,. 

siiWeiiedioBiate'™'"-'^''"^      '  ,    ,      ,ii 

»SW*lhirtl-lV'A%M4t«el4'fiiili25giaipSiSp,B,=^^.r^ 

beSfe'toeB'fc'i  ii*^««s,k;  M  pui'eifc 

upl«>«,8ii6  »«l«too6'pee'Vi4il  heat  was  MiSLv 

b<iw;<siid  «hi(WHHwlff  ijpidi;  and  entiiel;  emct;^': 

solution  was  then  treated  with  a  sufl^^ntii *■' — ^ 

soMftiiifet'iatitfat^oKSiijibnia^  tojp^liy'ent.tt 
o#'ite  liieSeii  %rM4t(iii'  the  pefdslde  of  fr95,,w5ft  fl 
liT<«:liitf'  of  fiijlUa  '-kUtnaili:   '  When'm.piM 

siitaiailj!>«citoHii?*a*  ittoihi-bn  o.ffltSlrjiSij,'' 

o<*««'w«»«bA»ijHf*t«ed;''  *?«;"'-■'-•<  * 
side,  andwiasaed'Si'iS'.S'iriV.^rojii 

bls*c«!«Utv»m»'iH»MainetlivslmetiotairfwtisepiflB^ 
™»*1!,«  Ai^  tlftuihglrf  washing?, -wmSS^H 
a  ^  tase^WH  sfctflll,  and  thea  esja„wK5,JmeI 
with  JWSdMlSilWjWiVtash,  when  iikmfilg^i^hm' 
pkd^^HisWml'hffSm  W  Qicliel  was  thtovnVdevD^S^cbj 
M(lgii«i»tSiHid''i#if'rat«r,'  washed;  fhorou^SvliSiKiS; 
ignited  in  a  platina  crucible,  weighed  S.S,  gtama;;!  oxider-pf 
ILilsS««.W?'tSlft'filMfi<.nic&l;',       v'^mIi  ,,m,, 


thljlH«Iilt$Sh"WS8  I 


It  was 


diMMIWW8l>;'t>l(d'i^iulnW'&r,w^te'S«i^^1^2^< 
wliM^UWhSI)il»«WaJ%uS|rJi;pifireTcKf?yX!^r 


5SS  Mr.  Jwk9^tk^^v1f^a1€^JkmwalafmipM^(f^^ 


wdiutiKmi  IcbU^taditfaei  WQshi^  tdiilotide  cn^Ulvei^y  •odidi^ud) 
andffttidditiiiLaJsmitB.poiiBelain.  capgolisu  iltiifir^gbedtoriSigBfu 
acP€Uii]&dea£j8il9^i'lzi/Q;34>gs;  oUcriiw^  (Ir0t76  hydrb^diloHc 

The  solutioii  was  then  clearedrof  mtmtd  of  sihttrjby^io^ftniM 
ofhydrottcUbilttB^Hi^aQdifillezedj  Tlieaniariiite;o^a«iiiKl^a 
bbiiiig  add«d,  <4ihd(pdioiflABlof'iiKiii  wtt^  pafecipitatcd  byi|)in^ 
ammonia^  and  after  washing,  «bpjlipg>^i  and  ignitbn^  ^mgkedl 
7ts48g]»imzn'83jB8-|^iA8xtli9UdbdirMii.'«'-    •  <  >i  tI 

N*  Tb«>  oxide  of  nickel  ^JNs  >pFeeii(kkail^  bytjneans  of  a  solufeibiy 
of  pure  ^taeh)  and  when  ooB«>ted^  Wafihdd^^druKl^  «md  ^gixftM^ 
weighed  15.8  grains  oxide  of  nickeI=3L6  per  cent.=24i?86t 
^  eeHtv  hieti^ic  nickeL  Aflw«th^«e|MMtkni  of  the  nmlttOic 
oktdedy  4he  sotution  was  trteted  .by«  meank  of  a  solatio&oof 
adelMtttt  of  barytes^  and  a  white  {^tediphate  of  Gmlphateof  biM 
ry tes  was  formed^  which  weighed^  after'waldmig  and  drying*^ 
irr27'gQ:ainsiz=2gvaiiissu^pdnir.  •!  <:'  n  -  I 

'  TtM  pveigaice  of-  chnMne  anduof  ^mabgaiiese  hatdng  bow 
iildiica^d>  I  took  a  separate  portion  of  tbi  met^rite^  w^hdfigi 
i&'gtfaidsy fdisaolved>  it  in  hydro^ehlorie^fieid^  ^wddki^ttii^ciMI^ 
ktrtaridFlMsid  to  rataia  the  oxides  imsolttlki^  iMutraln^d'tiite^ 
Midt>y^bmiiioikia>  stnd  precipitated  the  iron  and  niokel^'by* 
fneMi8<|f  ab««i^otiOf  b]iaro-salphiQ]ie«oid  gad;  «fket€ltiutibilv' 
II«iaapB£»Uidithc[  'sblatiDQ  to  ^r^esa  aiid<  burned ^ff'tb^lsMI^ 
l4vktMidiia:aisiAal|«pl^tina  oapsnle  under  the* tnlaffl«^  irlMh  a 
WaUw4u8iiitity<:of) chromic  acid  was  obtaiaed^  wfekh^'iRl^ 
recognixed  bf  'its  ^hataoters  before  the  bl6w|iipe ;  ita  aMoiifttr 
^ttieitifaiaiedat<B:percent.  Themanga&eseisalsoiestmM^d:' 
(:<From  the  above  analysis,  it  will  appear  that^ciimiett!  UH 
ofjAi^>m^teovibiixon,  iMmring  asp.  gr.  of  &JI9dy:o6vl^xt»^im 
2avKraiiis^' .  .  .  *    .  •  .  uuvM\< 

"       niekel,     -        -         6.9*?  =t  271708  ""•  «'^ '"« 
;i  -And  la  ftpeoimea  2d,  having  a  sp.  ^.'«l  6.500  ligt^S&gniiat// 

*e'i»**  ot  ia  iao  gmk 

>i\Mg^vikoji,      <*.        -        •*      33.280  .  .<     60.560  k\  !;< 

M   >■  .-^fil   jjrickel,.  -         -        -       12.354  24.708wHr,J 

.:  .1  >^i  ^MLchrbmetindmaaganese,    1.625  3J240      'i 

..  ^^.;.  sUphur,         .        -         2.000  4.0^n  m 

..  f5:  ;i  t5hlorine>        -        -           .740  L&ia.  m  h 


oii)hk^ithy6f  l%tf^tds>X9yi^ibyitt^  dteAistttioiftsdfeirelidkvMies 
of  meteorites^  since  the  occurrence  of  chlorine  may  have  Uasn 

mltMtQm^mxeaeeiixL  -  metlebrid^maltjiiispasJAoiastfiititf  i  gzedt^iinh 
IMori^fiire^  mjaooouAtipgifQr  jAhftriohfibuioalcphdoioiifaebb^  ^Idld 

It  must  also  be  rejOfemh&ifd^iihhtiAloiii^^b^^ 
^aAilized  fit  Qib}^/tjbin|M9cia^e^|(ja««!il^^^       'is  dAtmd^iiUly 

f>iMiiBkel5>howei8er^;hai^'noJbrti)  B19  Imowledge  been;di8t»¥£]»d 
dmid  >¥oleanic  aubliiBwIioijd^  bal^it  .may  h&  worth  whlk  .It^ieftU 
tbi^  aiteatidn  of  cbeau^q  totl|e)Sab)«et,  that  it>  ina^  he  nought 
if<^iP?i'{tol«a»ip'qrtetei«sa'))'lfi  J)>ji-  •  ,  ,  -    j-  •  ';.y/  -•».," 

I  am  however  far  from  believing  Uiat.  we  Hh&ll  be  sabte  to 
^HW!b  :tbatr(dlfmete$mJbeA  oiiginate  from  voleaniorsubUdpaiilfidns, 
fyc  tWe^ar«T0ry)^49btlreas(D)i8  ipr  bdipi»Bg(iha^  b^  ^hdoialiy 
9lati^dIsIii2l2it^  )Ci(^^te'^jpas«e]^{aB:wl  jtUmerDtts  d6ftadh^tiB8AS|eil 
^imiitter<)9iiastej»tidsiii' which  itegiilairly  oiftetjtbel^rthimtitfil 
^bitiOikitbelSthi  0I  Ntivtaiber;  at  leaat;  sttdk^aaraitii^itibnBft 
9$l^Xf4i  QlBOAb^d^^ lAmso^: atid Gay< i(iis(tt<^p^]Mia« ^lOMmft 
af fewt  (oj  bet  su{)potrt^  by  the  facts  whicbithej^ihiabaMHif  atedl 
j5  iJ^UiGiwiiig'U»at.jQ^e|i09mc  mattress  arej]^|kQl6di£tdi4Di.«ometM 
a^ymlkssea,  whkh  statedly  oix«s  .the  «totli[58yctrln^ijeoctttng 
within  thellmita  of  ita  iattxactioni  «udiaf$attb}€icted,Utttfaa 
Q&(idizing  influence  of  the  atmo^pherey  soi^  bo  Jtake  fine  and 
&U  in  burning  musses  upon  thel  sur£etce  oi  ^)Asrtiip  .we>  dan 
nppria'^eiadily  'tfccc^iit  for  the  pheiaoin^naKethihtt«diii  ddtefe 
splendid  coruscations^  when  we  know  that  the  metfKHEi^'!^>d^' 
tain  ingredients  possessing  remarkable  decomposing  powers^ 
if  bjr/^ifg^t  inito  contactf  with  water  or  aqueous  v^p^sijipj^n'^ch 
are  the  efie'cta  of  the^jchlorides  of  iron  and  mcl^Q][«,        ^^ 

In  several  instances  on  record,  we  find  the  meteor  first 
clia^ovi^rtng  itself^  btesting  into  fire,  from  ih^  midfl  fif  Ibidlurk 
c|o,iji,d^  and  throwing  off  brilliant  coruscations  of  ligikt^irtind 
ejecting  ignited  masses  which  fall  to  the  earth ;  while  the 
globe  df.  fire,  from  wbiob  they  were  thrown  offy  ^travi^bsbtlhe 
heavenH)  and  gradually  becomes  extinct.  May  not  therefore 
the  moisture  of  the  atmosphere  ha^e  first  kindled  the  meteor 
in  itd  passage  through  the  humid  clouds?  Ijide  not  know 
whether  they  are  generally  too  distant  fronttfaBjearth  to  come 
in  contact  with  clouds,  but  from  the  rapidity  of  these  apparent 
meteors,  they  cannot  b6  vtery  distant,  at  the  moment  of  their 


(;  '  •     V 'otvitt  ^iV^V  swoNto  -..-f  u\v\?.kn\vV\>  s>s\i  wo  ,mfgoU.iCI  - 
568   Dr.  Joslin,  an  the  atmospheric  origin  of  the  aurora. 

elements,  which  j«rtj-«ffW?p%o|wft4^|p'i^^^^ 

readily  detecJt  jwi*d»3  .^wh«*,d5^f5if*iftxWS«Vr,^{i8B§<i*^ 

ktogidg'to  the  class  bewtpg(rt^j|%  oiffc^a^  imp^ 
ft^riodbur«  beea  denuded  .&i{pi«  |]^9¥icy^i^ijt,,jQo\iJ^..^J 
ifl»n^derivediiro88i  the  dWtmttm^  ferjd^Siv^jtm^R?'^^^^^ 

we  should  not  have  found  it  alloye<i  with  nickel.       ^  yoi/  girf. 

fc»iBacoiflaooft(fl»nittiii7f..illi*t^^^  wb*^wWSe4wP8TiQ.g?B^§^ 
occasionally  cross  our  orbit/^andfl^^^B  ^^^"^wg^iiyil^^^Bffllr 
ibithaftddi^rrniib  t]i99i(gh  0uis  i^tiaQspli^^  ^wi^^  Vf^  fire 


Tv/ 


'--*■-!  It    I 


Dear  Sir, 
3rf/Il»Wt«ffi«u*,!^M4a5J??asij^g  evi4en9e  of  an  mjjxnate*^!!. 

MuoiDidittraet(})^rwttQUy' overlooked  by  repent  ,,9j>s^ 
Recent  epochs  may  nave  been  more  ifavourable  to  its '«; 


->v  -N  AS 


13?  D'lf./I'i'^SiqmoO  93001  ill 

*  From  Silliman'f  American  Journal,  for  October,  1838. 


Dr.  JoslL 


slin.  on  the  atmospheric  origin  of  the  aurora^  569 

aurora  in  thq  Transactions  of  the  British  Association^  which 

mffi  %$P^  R37/>Jm^'i'8'Ith^k^^l(»^&n«i£$4l«saiin(iii 

.stationary  cirri'^>¥iii4yi%ii<i^6hii«i6y6«»difWtti9  ^lifafe.xM^. 


Wafiroras^,  ^.ki^^^i^  i^4JW<®*bi6fa^lfa<^,^R8Vv}xTO^^  ^e 
^B^  |>recedl%'^^l(!^/4«a^i^n#ir^ 
*Bet>i^een  thi^ iilfet^6ir^an^*l««^,4^ifaf'&i<d^fihow*ft oJ^  Ylib^^9l 
^''^The  autlior  d^^iieta^y>ftVdil3h%dli4f  ^tktt  iWtid^sfdHreiibtioa 
dt^t^e/Jottrhal  of  i^^^^y  l^i^oil^dK^^ate^ti^^thr^IttMidistnii^ 
l^t|(^  prilicipa!'r^«g«ip  ^^li^t^gWf 0  in  e<»ifiiai<dtidmd^4d)& 
Mttie 'Views/  %^^  W^^imM  il^QiitsJi^reb^nsioBl  whitthcib^ 

meteor^t,   The  sma§P«l^^tfo]|o^itbilieiifi«umoSbd  ^ 

^Mg&^^^is^ihycfti]|^.(^»^^  li^  lutsi'iie^diiiMKU  to 

iiis  views.       •i'-'>iOxn  Rn^ly^ioilii  U  Ir.iu-i  ^yi&A  Joa  bluoda  9w 

^"^  BeWi^Wij(^aii»8g^'l!^oi^'ll^'^Il^i^<^^'i^^ 
fgms^to  It^a^ffiB^^t'^fii^ei  <rf  fiiic(0/^^r^itmi^kenftB)Mfa& 
'^im&S;m\^m6^^Mw  tl^^tofhdt-xjMMaiiDt^ooBfiiiuBded 
'(fift*ntf*ai5^fy^[|tf%V<ldfefi§e,^i^i'^^o  ir/o  ago-io  YlffinoiaBaoo 

^'''^Tli^  'ff^s^>  ^i^lk'tibt'iia^MBbeidi  dfMb^itedbrbitk 
^I^cVtb'iltyf  ^(5^  th«%^:^04agr[sbii9enikM8 

laneous  facts^  which  are  thrown  into  the  commqi^fg^^  for 
the  use  of  others.     Even  among  the  relevant  %Sm  ^^Vl< 

Jd. '2d.Th 


i 


nndniihtf dlyj^"^^^^«<^^ipg Hn tions yet  to  be_trace9^  &i?^e 
jjcl^^j^ai^^  «pm.^  ffep^^ 
i.Yanav..6Ufflre6t  to  otiiers  a  more  coitc< 

d.;  T^ere  a^e^^^ 

ss\whlchvmso^  t>e  mbdm^d.  but  prolh^i-blyjilut  o^^HHJftowH^by 
thB  progress  of  discovery:  ^r  or  example^  Tn3|  tt^e  mtrora  rH^an 
electrical  phenomenon ;  that  it  is  intimately  iidi^^^ffiilf^th 
tl£^Q]ikJ^a^Al(*id9)aB«^[  wil^^  tii^f  e  v^i^qiof^topnly  when 
they  are  generated  in  aii:  intenselv  ^td  as  well  as  nearly 
saturated;    and  that*^ftB^s'cl<ktds^<»^a   certain    class  are 

L 

iii  gffooga  ;tii909H 


its  more  comprehensive  sense. 

ccri  .foootoO  10^  J:3rr.i"^L  noirjmA  a'asiniUiS  raoil  * 


phenomena,  and  also  coronae,  do,  for^  sorh©  k-dWioh -6t^  ^dfchfet;^ 
r^ttiri^  (i  dcM  tideqli&fife  fbl^e  dt)rst4ilitatid!l>df >a<^ebu]^  i^^r, 
dtfeptot)ositiotti"#hMi4ril»b<«;  loe<^  Bll'thtelt'^itfte^fet'rioi^^ttrty 
dftheii*  truth,  ev^i  if  ehb'dl&covery  sko^  fc^  toid^ttertl^tfefe' 
etetWehta  o!P  iA6\S^'  Af*^^  efefeHtftilly  gldbojai'^  w  vedteiifei^/^ttii* 
that  the'vdp6rWTi6f 'y^<  di*]^&ia»M2ied  nf  fh^ft  time  of  thfe^^pftieif 
Aomehon.  It ihts^'be'iiec^im^^tctiteth^fk^nbeLt  we  have  noti 
intimated  that  aU -i^i^^'ft'tlb^drysit^lliij^/^  On  this  subj^^t! 
c«ide  tiotions  hiive  ^I'evatted/^^  4tbr  A^  to^' the  views  •which 
belong  to  a  more  hypothetical  class,  the  author  will  cheerfully 
i^h6utfce  them  when  a  Tnore'pltttdible  thMi<j^  felwill  app^;  as 
tfeey  are  designed  to  facilitatie,  not'  to  Jittit,  investigati^fti 
This  theory  may  contain  much  tlhat'  is  hovrf,  valuable,  and' 
true,  without  being  in  the  highest  sense  the  truth/  •  »-  *^ 

Th^  individual  facts  on  whitjh  th^  geAerafliaations  ire 
founded,  cannot  be  here  repeated.  Of  the  second  classr,  Or 
the  gfeneralizations,  are  the  following'       *  '    •'    .  /. 

^Propositions,  ''  '    "  =--1,  .j 

Wfyich  miy  he^  regarded  as  ^tpproxitnat^Iy  mid  g^npra^^^ 
Vrm,,  m.r^l^iop.  to  wa^  xesultfi,  thp^gt^  nqt  Haiv^wU^i  9?x>-«i 
relation  to  each  particular  instance.  \iip>iiu 

4,xPl^?^t^a..ist,.w  le^l^on  to  the  re^atvofHme  <^^if^^st 
depression  0/ temperature  be/ore  different  meteor^^    ;\^^  u-.u\\ 

. '^'Jh«  jg^<M*a^d^%  'd^Sjre«»ipn  or  deca-^pkeptj^f.tenjjpj^i^i^e 

t§kf»^  jjfa^e  ,be*we«ii  0R«  wd  twQ  days  .pro^ipuis  tp  ^t)\Si  ?Wffl|! 

boreaiw,  ,aur/pial  cloud*  aqdhajos.*,       ,  ,   .  .    .  i(  .1  ,.j  .^.u^^j 

Prop^iWitipA  8d;  y.ReifUive  order  of  tfte  thepnof^eirihyflfid 

barometric  changes  be/ore  different  n^t^or^,  ,^^    \v>v\m  ^  w.vw, 

i.jProvijWS,4i^  t^e^fl^quds  ^nd^halpsj,  the.^mperA.twj^(fihj^^ 
e^Pf,  Q2|rii|By.tb»i^  the  pressure  or  nearly,  ^f^^f  i^fftSTMilfrfj 
p?»vi9jwf  jto.J^bB  aJ^ijWa,  the  pressure  chai^gfi^  ^xprj^^.^Jjap^fl^ 

fift^Vift4^y  before  the  t^mppratur^  ♦  ,.    j.    1  vi:.;! :),,q8o  bn^ 
^i^3;Qp^mn,,3di..  Length  of  time  oe/qr^Jfi^/stfirnffi^tf^^ 
it^^indi(^iiom  appear  in  ca^e  o/*  (;J{^ere3|^f  pw^ 

,?fV^^.ik^. amw  pr ijpin  is  preg^d^^  fijrafi  a^ij^prftj^ 
or  by  luminous  columns^  the  tjfermjQxp.^fi^r,j^giff^,to;|E^ 
t^,&a3p|?|^tiBr.fcQ,,i|is^  between  tihre^.ftwJ^Y^iffax^,]?^^ 
s^ifm  ;iftn4.wbi3;*  the  stpjm  is  pieceded  b^  ^opr^.clcn^yi^ 
hata^jtl^j^a?ft9  ip4i9^tipns:aje  presented,  beti^^^if^.tihrg^jft^^, 
ttof^^iA«^A,^2^1f  |iay^  before,  Jt.  .. ,       .,  I ,;  .j  ..,  ,hv..708 

*  These  propositions  now  stand  nearly  as  they  were  cprrectea  m 
the  list  of  errata  ni  many  Nos.  .  c.hk,^ 

+  fiynh^^cjfW  ^nri  ftom' 'tlie  v^ant  ar'abetteV^Ptie^'^lklSP 
Wfef;*tbi'l^H^th<^afeseentyfi»ahi,-snow^^  '•  i'  io'y/s-^ 


Pr% Joflliny. w th^Mmospkujric origin. of, ihs mKoru^  5^1 

fu^t  .preceded  ky  fhft^  meteors.  ,     •  ,  i . , 

•iJPpQvioua  t(XH  tbuad^r  shower^  pv,^  x^nox  mow  not  pri^ 

Qe4^d  by*  ao.  aurora,  borealia^  «.  h^q, ,  .qi  auroral  oloudei  0X 

lagunii^i^^  Wumfl^^  the  kiciieHse,  .of:>a^q^pberic  preQsura  for, 

^VQral.0iM^es9ive  day»  i» le^^gf^x^fx^f^h^^vih^jxii  dooB  ocq|li^>» 

it  commences  either  eerlkir  ^il^^r)  ^^nM^n  the  /Stonvn.  i^ 

pifoceded  by  either  of  Uao9em^tepi»^.>lBca(re  gf^^erally.beti^^n, 

4ve  and  a  half  and  six  d«iy9  rhefo^e  i^e^^wer  or  storm, 

, !  I^roposition  5lh. .  Timei]from  d^ffer^^  meteors  to  mom  of 

r^irii  •(•■;.  .•  ,.:♦  ..,-■  '    .  ■  '  •.. 

/,  Tl^e  snow  or  rain  4^^cenda  sooner  a£ter  a  halo  than  alter  aiji, 

auroral  eirrus  clou4  efirUer  after  this  than  after  a  Verticajl, 

lu^^r  column^  and  earlier  alter; a  lunar  column  than  after, ¥<n 

aurora  borealis*  , 

.: Proposition  6th.     Theofetii^ inference  in  relation  to  the 

mitt^re  o/  thfise  mePaore* 

As  they  are  all  preceded  by  a  4^pre86ion  of  f^mosphecio 
temperature  below  the  mef^n^  and  by  an  augmentation  of 
pressure  greater  than  that  which  precedes  the  &11  of  snow  or 
rtiiti  at  timed  whefi  nt)n^  of  tSieste  meteors  httv6' recently  'ap- 

^fefi^,'  thete  is^  additional  evidence  of  the  sihiilari^y '6f  tfi^r 
origin.  •'..''.!.•■  •  .•/  in'.-ti;]-)'! 

^'Pibposftion  7th.     Tkeoretieal  inf^^efihe  lii^^etttti^'Uo 

their  altitude.  "     "    ^\  ^  '  \v  ^^^ -^^'*'av\»>- 

'^'We'rtiajr  infer  from  the  kst  two  i^rc^KWitibiB?  thM  A'^iff- 

ifi3t£y"ciiTus  cloud  is' higher  than  a  h^o,  btil  lower  thdtt'^A^ 

lunar  column,  and  the  latteriowei*  thafi  thfe^a^ir'tlJltt  boreali^.  ' 

'Proposition  '8th.     Practical  inference  ^wikft  regard  to  Me 

prognostication  df  storms.  '         li   v     .    >      -    ^   '^ 

-"^Tftte'lbri^gbiitlg:  piropositions  which  raafeefJd  pfes^re  ahd 

^etti^ritlii^e  ttMy'suggest  a  rule  for  pr^dfctihi^  sfofais  mUdh 

eaffirfi^Warl^^by  bthfef  methods;  inasmuch^ a&  thbbe^fclWmg^^^l 

and  especially  that  of  the  barometer,  tak6pte,c<^'eten'^j6i:b^ 

^aimllf  ^thta^  those  Opposite  changes  which 'oftieW'lb^clur 


.  I'^tnbtig 

"»#M' S^bbf^'propbsiWon6  are  dfeduced  *om  tabte^^'jl^i 
(ffllittfed,'  atxd  ni»e  foutided  upon  the  ObservatibA'  bfrffiny- 
afettrdii'  twbnty-t^o  aiiroi^al  clouds,  seen  ih  the^  daiyi%feJ*|' 
seventeen  halos,  and  four  luminous  columnsL  '^'he^^fofib^t^^im^ 
ip  relation  to  the  last  and  more  rare  phenomenon,  the  ^thpr 
considered  as  entitled  to  less  confidence  on /a|^*<K)titt'of  .^^^ 
spall  nuni^ber  gbs^ved    Yet  the.  opticgj  tfreqry 'jf^.j^f^'  ^e 
gave  of  it  in  which  .b|e  attributes  it  to  ftmi:?ltuTO  ^)ipjv?pnjtf|\,, 
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S30ttlia'l^Hcefle<;tingp,  x;rataJlme  pUitaa,.  %ii^  jn^l^  ,. 
i  more  amorj^bqu^  wa  which  pro^uyc^  a.^refloctioH:  vitrt.,*.,^ 
i^aat^.he  consid^j^&t^  complete  ajad  Si^tUfiaGtoj,  ainl^r- 
^bhbrated  by  his ,  ot^Sjeryatuxis  on  ihe  crystals,  which  ill)|%^ 
Q^ue&tly  deac^ii4^»  >  'The  author  has  ob«ferved  the  wx^ra 
in  conQexion  ^ith  ^^  above  and  other  meteorological  iJk%% 
Qomena  of  thet  samey.thc  peceding  and  the  succeeding  dajf^i 
and  endeavoured  to  trace  tneir  reactive  andrelatiye  chaage&i 
and  as  far  as  the  subject  admitted,  by.  the  statistical  aw 
Qumerical  methods  liiiB  is^a  fext^b  luold^  -^d  comparatively 
unoccupied.  .  i        ' 

,  In  the  3d,  or  class  of  infer^nc^a;  ^ne  Has  endeavoured  to 
^ow  a  connexion  beticeen  thefit^rprd  ogrmlis  and  the  crtfs* 
tallhdtion  of  snow,  »    i  ' 

'  ThQ  following  is  a  summary,. 

.  '  That  crystals  of  snow  more  miiWe  ^d  simple  than  those 
which  occasion  halos^  and  usually  too  loainuJte  to  produce  sen* 
sible  opacity,  are  always  present  v^  ^e  atn^osphere,  above  the 
region,. of  ordinary  clouds,  during  the  time  oi  this  meteor,  we 
are  induced  to  believe  from  d.  comparison  of  the  results  of  the 
fPiT^^oing  observations.  Several  of  these  results  are  believed 
tp^be  new.  The  following  are  some  of  the  circumstances 
i^bich  have  a  bearing  upon  this  question. 

1st.  Tliose  seasons  of  the  year  and  those  hours  of  the 
night  when  it  most  frequently  occurs,  are  favorable  both  to 
the  presence  and  congelation  of  aqueous  vapor  in  the  at* 
•iposphere. 

2d.  The  clearness  of  the  sky,  which  at  such  times  is  usually 
either  general  or  total. 

3d.  The  usual  northly  breeze  at  tl^e  earth's  surface,  and 
the  northeasterly  breeze  m  the  high  region  of  the  meteor. 

4th.  The  usual  depression  of  the  ten^perature,  jat  those 
heights  at  which  thermometrical  observations  are  made. 

5th.  The  clouds  which  usually  succeed  the. meteor  imj? 
medie^tely  or  on  the  same  evenings  and  which  often  preeent 
the  appearance  of  being  continuous,  and  identical  with  tha 
auroral  matter. 

6th.  The  snow  that  in  weather  sufiiciently  cold,  almofjl^ 
universally  follows  the  meteor,  after  such  ifin  interval  as  the 
simple  crystals  might  be  expected  to  require  for  aggregatiov 
in  more  complicated  groups  and  descent  to  the  earth's  surface. 

7th,  The  rain  that  almost  universally  succeeds  it,  after 
about  the  same  interval,  whenever  the  t^^mperature  of  the 
lower  atmospheric  strata  is  sufficient  to  melt  falling  i^now. 

8th.  The  co-existence  of  halos  with  regular  crystals,  th^ 
connexion  l^etwe^en.  halos  euid  auroral  plouds^  and  between 


rfilf^M'^^ahWgJ&i  iittd  ▼^b^esl  Itrnar  eoluniffs,  and  the  analogy 
|N0f#^en  ituroral  cloifds  and  the  aurora' borealis. 

^^^h.     The  piAnate  appearance  of  composite  auroral  clou^^ 
trtrith  appear  (so  to  speak)  like  large  tJi^sftals.* 
^'  'Vfom  this  point,  the  author,  not  finding  any  former  theory 
frf-the  aurora  not  liable  to  great  olnec6(ihs,  has  ventured  into 
till?  regions  .of  speculation,  ai^  ni  tefatibn'to  the  intimate 
ifttttrre  of  the  phenomenon,  iridundfef  fliie  4th  head,  of  views 
itn  more  hypqtheti^  class,  has^  ventured  to  inquire  whether 
attnospheric  crystalfeatfom^inayiaotocckfiion  the  development 
of  auroral  light,  and  the  crystals  be,  under  some  circumstances, 
toagnetic ;  and  in  reWfiorf  to  the  9t6  remark,  has  inquired, 
•  May  not  this  iBxpressidnlie'uSed  as  something  more  than  a 
figure  of  speech  ?     What  is  so  likely  to  produc(e  this  structure, 
so  regular^  and. yet  so  complicated,  as  the  polarity  of  compo* 
nent  crystals,  whetliet  kins' |io!arity  is  or  is  not  magnetic? 
May  not  the  ponderable  material  of  the  colonnade  of  an 
aurora'  borealis  consist  of  siinilar  gtK>upS  of  crystals,  formed 
either  from  the  vapot  of  water,  or  from  some  lighter,  less 
condensable  and  more  magnetizable    vapor  in  the  upper 
regions,  which  crystallizes  at  'die  same  tiine,  and  tinder  similar 
meteorological  influences  with  the  former?*    Hai^  npt  the 
crystalline  character  of  the  higher  clcmcb,  if  it  exiiits,  b^ii 
generally  overlooked  by  meteorologists  jaijid  when  th^  }i|lye 
represented  all  clouds  as  being  masses  of  pohderisedydpoi^ 
am  snow  as  resulting  from  its  subsequent  congelation,  kaVe 
tb0y  not  overlooked  the  universally  crystalling  ch&xacter  of 
snow,  forgotten  the  small  height  which'fs  nefcessary  for  crys- 
^jallization>  and  suffered  their  imaginations;  to  be  influenced 
Byiheir  own  temperate  climes  and  moderate  devations. 

Iir  advancing^a  step  farther  in  the  attexnpt  at  aa.^xplana- 
tioh  ifi^e  mtimate  nature  of  the  phenomenbn,  and  ^specially| 
as  connected  with  aqueous  crystals,  the  author  has^ventuied 
^n4tti 'diffidence  upon  a  topic  still  more  recondite  and  obscufe^^ 
Mtlf^s  found  some  support  in  analogies  drawn  from  the  elecr. 
iroaf^K^t  seen  during  the  crystallization  of  water,  from  the^ 
induction  of  crystals,  and  the  magnetism  developed  by  changes 
^PWmp^ttfre  in  many  crystalline  substances  ordinarily  un^-, 
itfli^Qtili^tie.  That  iron,  probably  from  its  magnetic  properties, 
IM!S%  peculiar  relation  to  the  crystals  of  hoar  frost,  he  has  been' 
lrf;to  suispect,  from  their  tendency  to  assume  a  positi(^.at 
riglk  angles  to  the  edges  of  a  magnet  and  of  a  tinned  vesselj^, 
8^1  temperatures  between  zero  and  ^— :  12^  _ . ,  ' 

In  expmhients  ^ith  the  solar  microscope,  I  luive  bepri' 
Sifeiaefc  with' the  analogy  between  the"^  polarity  of  Qrystak  aii^ 
IRilt'^of  magnfetev  a'potatrtiy^^vincedt^by^  t&rrotaticTn'Sf  the' 
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._„„.    ^     „  ,  Iw^sjtid^arSljil] 

isf«w,JDi*ii^^?)Si^npimy:tfif^i>«''»fli(e'»^?  whicfc  ^^yae  «tpw 

Xliwi»MJ4iCt"oo.iCfl:  %  ifljUie*i|9e,qf  fl,pTffst^}mfi  mass,. jw  ^i^ 
wWJAg ,  jMirticlps  ai»a  sflii^l;jfry8t^^;sflfiRh;ftr5T  in  il^  vicinitj, 
bMt-»(,j8pHae,visib!eaistajice  U^o^  'tff'!9„1>P'f^s-,w«£A  eack-otfifT, 
T^jWi^tfll .Hwwe, evident, fsonLotfsta^ipgjoa  l^e  screent the ,6x1^7 
t^f^  ^nd motJODS  of  8c^ttei;ad  clustery  composing  if  idai-Ji:^ 
4ipftl*d'b(ti:der  or  penumbra,  akixt^ig^tb^  darker  image  # jilWf 
g^Q^cal  crystaUine  masa  alre^y  formeo,  wd  legular];^  adfVa^T 
oing  b«^«  it-  across  the  s^etu^j  ^)Pf^)ia^  we  afaoula  h^r^lH 
be  justified  in  calling  such  pHenonlena  magnetic;  yetitw9ui^ 
l^flMV-tp^howtliattljeaei^nd  B(ftiy;r|Ofity:.p^»oiaeiia,px- 


:ipGp9pic.cry8,tBle^a^'  r^'gulatefi'bf  lawa.st^)^^ 

j,_,„lflgf«^i-tqthflSf:.ot'm«^P^:iw^  .  ."-iuid'i 

wMiip.t+pfitwtrffi  .^ww^i.Hwi^iw  miiitea  ta  j»^R  tAff 

prWffl%MWfT.[,-,:!.!-.^; •   „..-' -1  ...■■■■  !■    :  ■ .  ,■ -:!irii-,Y 

il^^Wtft  ^^l^^ffltS'ipf.c^staBizingiwatar  ^  *«r  .coiiBp<fJfi§ 
ipliKwMlwtiHihi^ipWat  bedumwthe,perfect  ciys|^xa^(«t 
i^t  tbft^rft^^^i;;flgi<W^t  WBoral  actu 
^smfthPf^Mmfm^P^.  the  perfect^p 
a»d,i(^,B59W'^.  ,rP?e,»rity  of.the  1 

i#j  ijj^epB»^,„i-P^iipa. CFystaUiiatjon,  ,^ 
QB^t^^S^fW'toS;^  ,by  theoTolut 
Bi-ft^.ft%rfiB&E4s  ..^inl^ing_perb9p8_,100" 
pi^^^Atf  tljq  vapor.  ^For  aucb  iap^ 
9hft'^^Si.%[le;^  elE;yation .  in  the  aij'  i^^p 
]a^0^i  ^Dd/there,  it  &}meara  £r<;^ 
^tffff/^its'elf  iijB  lees  elevateq-    It  jjj  ^Jl 

]ff^fi^  fof  tlif  ,aacora:  in  hi^  latitudt 

^fYflij  tti^tJD  .Farpe  apd  the  Sbetlan,!  .,...,  ,. 

^ft.,iWt.,jfWF^  ttap.My  or  fifty^f^  etpve  ;tlie;is^'iwjij 
i^ifVf^Atiy^ m)^\^  countries  it  le  frequwitly  heirdj  - jV«? 
H^j^fln„i^^rceiv|^d  in  it,  when  ixd,an  electrical  un^.f-top-v. 

this  subject  the  author  s  vievs  seem  to  have  beeb  miseppre- 
•  Edin-Philos.  Jour.  viiil«3.i    :"■■'  .U'/  ,'<r..:i.-'l  ■:.:•.•  ■•■:■'■  ' 


^'ihk  <bty  ti!ii«;-d6  not  imply  ftti'<i!is(^kaeia{|^^«#:4biib«ieMa 

fKim'smveS,  (Stifthekixmiiiiis  mMif'i^^i mm:mm^ 

mriwthAit  Oiioki  dodd»;  ^i^h^'ea^  «ftllf%A1^  ^il^fflS^^ 
W>y}'  lib  tneahS  •felia#Sj''tKtt^S^fiWip^^%ft<y»«o^j^«a# 

TtMOt  of  halo^  &hti^ V<^iMl'  sl^itf '^i^tfitiiiar  c0lM8«W-i!c'«MF 
akji"'Biit  these  terystafe.'iii  te8?r  nascent^ 8tiit%',"mttW; IStmf 
m&'fi  »tiU  eaHife^and^'liiPi^t'ixiStencei    'SfimAwiik^W 

)iikl6s,  ethotld' ilequy^  a' my  Ulngifet^dt  theiir'ikg^^ttiMti^ 
dfeStetot?  '  •'  "''-'iiyi-''- ■'•''^'"'-'"'"'' i '■''•■■•-'''=' ■  1'- ;»■  ju-'ii-'i -."J 

-'  ItlA'iiot  my  i^ik-e^^^i^oiie  t^idiSeaiM  fit  lefn|t{|i^^^TieMidu/ 
aiiitA'th*  intimatt'tfittitis!  af' thife  a*r<iWi^'l«ri?'P*Wcffi<*{)iifitt^ 
that  in  some  re^b^;'li^iba#K&^i  a'rii^tiniikti^f^lMil^ 

m  atwd^ett:  'Ik  dii^'^ib&tiainm^  Mm^m,mm» 

ientured  to  spet^  of  such  a  thing  as  '^atiposph^tjc  tSU^^SSSSJ^ 
mtb  if^ard  it  Ha  this'ik^ct  ca.}is(f  6f^W6^imiBih  mkUh- 
Mis^/Atid  ad  loi^ted'in  a  kind  of  ^iirdM Vfc^^%lffib«g^J|f 
^k'  tHe  pi^v^fenf  opibidh'of  pliQ(^o^«i^^a!it^«MMe;  ^ 
lli¥'^it#as  nia^etidy^rai»tH)nDel:t^<lNHffi£H«ft|4 
p^ism  &t^, 'thitt  i§,  'the  t^i^et%in  afW^mkiiktm 
TKi  ^iktibntf  Of  tli^  ile<<dle  'sttj^^mdl^Gf^mm  %y9i^m 
^VteitfStHft'Jfa'Hii  litter';  ind^W*T*^^'Wmhoi^g»'teib? 
Vrotik»4t^'l)r96hle'i)initatail^uddi8%^i^%  tSWi  i^m» 

upsi^WAm^  tHe-giotie;  Numdrottt'  mh  mmem^mi? 

tHfik«iok'bf  Ihii  HtmosJt*OTc  locatft»fii.'^"^  1«^ 


^U^  nitm&6t'W  fii  Eighteen' riiihiitW,  1if'l^'iff<lWf 

'Ami 

astonimm  amount  of 'W  diiHa^'thi  rti^l«f*'^^a6b*>«iWfliP9 
frftlts  #h%'irrtc6h<5ilable  virith  tWe' id'eaVAift WfifeMlte^a* 

*  See  this  Journal,  Vol.  xxxii,  p,  ft8Q<. .  i.rol,  .golirfl  .nibS  * 
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According  to  <^^hPmPim9^P^^^^ 

^. )d>e.  lejievfttion,    Supppise';; t^p'^  pfc^^^  niea^.^tBe',  ^ai^ 

i^e^iruliTO,  .but  in  diflferent  .^Uja4p^s^.  ;tQ  *  take  the  ^Ititua^,  pf 
,.%W0  wches  situated  north  of  th^^r  ^e^pective  obserrers^  aqd 
,^  sogmall  an  eleyation,  ^a^  ^^/sputhenjarph  is  belo^  it^e 
borizonof  the  northern  pbservqy^,  w4  ti^e  nprj^hem  arcjti  ^elQ^ir 
the  horizofQ  of  the  southern  ^ohseir!^  *.i0n^  qw  b^ingj  s^en 
,hy.,f^ch,  they;  are  liable , );<i  be/.pr^sjjQ^jJ^d i.a^  ap4'tifefe 

i«^  #Uitud^.  of.  tt^e  riQi;thern,9^  com^Mf ^^^^  s^u^hpp 

^ftrct,.Wf>u}d 4?«d.,tl?.9.  ijhath9m^tJ({M  tp.  Jje^;?  ,ihe  magixij^fy 
^^p|i-rrfjpg|i8i^;c^d^aA,Qi)^~to,ari  tj^iai^  ^e 

.f^i^j^ltfsftjio^i,^!  pUh^r  of  f  he  ?;^a);if9J]Le.§j:  Thera  is  evjidf^ 
jiimJ'thft,W)?vevf;is^f8.more  thanq.  supposg^bfe  pn'e^  ,and^  ip/ft 
i  «||»i^imi^€l?,.h^y^^tRallj  0Qcui:i:e(^/.  TpKe  oj^^ite^^error, 
^^\Xr^8Lggfjf^}^^,oli^  would,  frppvthe  nature  p|t.fhe 

^f^me,  ^Qf:^r,Tfix?\Y  P<4cp^    I. have.  statcjd/tHe  firs^ Jn.  ft^bjf^ 
y;ay, .  tbi^  jW^sf ,  if  ho  9'Te  little  conve^^apt  with'  the  ^i^b^^t 
,  jpajr.n^j^  b^  .dj^^ed  ironi  examinipg  the.phvsical  e^jide^ceL  of 

Ip.thQ9Wr!9if.W  Wff^'il^y  ^  caveat  supposed  tp  have  been  e^- 
.ite5e^p]^j^,t^flf le^^ct  sciences.  There  .a^e.  facM„<|uije; ^^op- 
.fl'P9H^?ta[^%^CT^t;paraJ  such  a&  tl^P  ,nw^ie%^^  ij^tauf^^ 
V  yf^p  i^ijcliYift^plf  *li  tnoderate  distariC^s  ,c^»npt  j^c<)^^^|he 
L«mB^^^^i«^f  ^"^,^  of  them  Api  pv'ep  >%  pii^Wn^e^^^tte 
y^ujf3^,ai«i:en  by.th^  others.  In  such  ji>mf>,  It  m^^ff^^^g^ijj^e 
;»i^^^pd,  simply  l>ecause  it  is  tpqjpw;  '  \    ^     ;  , , ,.  ,;^^^  ;  r^ 

f h^  vof^ws  which  J  have  taken  pf;tl;i^.  ^urppa,  .whilg^:^|fy 
gCk'^trequire,  usto  discredit  thos6// Qy^nfBrpus  prpoj^.^  jtbth 
.,y(iysj9>l;and  HMithem^tical,  of  ite/ocp^^ipi\a1  aitujalioi'^^^^ 
}nfjgjrii|9rj.^mospheric  ^trata^at  t|^e^axne,Qj?a?,  anpY,^^.^yen 
""^flft^if  W  t^  j^^^^^  \^  ^^  ^^®^  instances  ^to  elev^tjo^x^^  awY^ 

nighest  proper  clouds^  and  many  times  as  nign  as  ordinary 
clouds.     Plsg^aji  cpnsider^tiqnsjiave  induced  me  to  r^f^  its 
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I?}/'  •  ioi.  ^t-ih— 


J...  ,.^ 


for  every  gOO  f^et  of,  elevation,  wfll  find  little  dCBBetiSNflti 

^bV.-  the f6TloWing  facts  Ka^fe^a  btfia^'tffl  ti^,iw  -**H* 
V'tli'e' cohnexioti  Mtwe'eh  il^e'^t'tfstL  Ma^,  aniti'magnteiisifi 
*"Ori  the  16th  of  AugUst.l^^; f'ibl^^ed, -at  ScheiKf«ii*i|, 
fttn'aurora,  aflCfPlU'-^HkHUfidcmmmoaAs,  atnl  iifaiSt 


i'iirM.,  Ih^  4ag:tl^^fc  hl^M%  w      high  and  retnftl?ka% 
^^aHal)Te;  the  time  r'equu^dWtCK)  oscillations  bf-a^^MW 


'"ii^edle  being  270  seocwias^kt?  d'^ock,  and  2^  teft  MiMia 
nkh^  Rain  comineit/dcd'at'il  PM:  of  th^  ISlh,  abt^t^-t^ 
'*a^ys  after  th^  JWfel  a^p^itatid^/^  ^Quantity  during  the  iiigWt, 
'l|R2  inch.  On  i^f^  (iay^'^l«th,  an  aeronaut,  Mr.  Lauriat, 
^Wht'^ycenaed^  Long  Island,  encduMetdd 

^ a  pretty  feeve^  snbwisleAia 
he  touched  teyt^^^flftnrti^^Ms 


8  reier  lo  xne  sajJiG  ascension,     "in  jn.r^  uBianai  ^rtasi; 

j'lirfbti  from  New  York/he  iscendgd  &borfe«^^ffliS^/^«Ha 

ieeded  bv^a  hundred  miles;    Be  TOsfeitfttittugH'^gMfls 

^^dfet;  which  fcov<»t^d  his  ballopn  %iU  WjikrfMiJs.  ^^«at 

f^it Vas  mbtief'  ihte^esting,  he  dSsco^er^tf'  tkv4rlifeil*hrf1«s 

^^t the  greatest  eWtude,  the  ne'edle^'of  tf  febmtoki^^iWiIcif'»e 

ted  i^ith  hith  did  hot  have  the  least  tetid^itciy  Wef^IBtf  ^^^ 

ftCtt-rfctibn:,  but' VAvfered  abotit  at  all  points^^hy  Wttp^8i?^t 

^'lUW'Wi  not  (Jotlchide.  that  the  atmosphei'ttJ'niA^fetgtitf^lfHe 

^^-^tWfite  mfes  acted  more  pbwerftdl^tWtf'tt^^^aAW? 

i^At  the  isurfkce,  I  have  inferred,  froth  ia&tit'^Bid(H«d 

irv^drisi'tAfetrthe  magnetic  intensity  is  ttfotcf-^A^SfiSa^y 

the  formation  of  the  higher  cloods,  and  other  obV8""""'^ 

^,|flm^^  fer^y  other  periodicW  dmrnsd^thfid    

"7^Tir^foll6^ng1ke«hwe  also  an  intei*esfing;:^BariA^iA^e 
^fk^Uifr'  At  Fort'  Ettteiprfse,  where  l:ieutrHobd^^ftftftia:4»e 
"aiZqiS  hi  otik  ifistkrii;^  fobeonh2fma^^Ki|h;'lfe^^>j«8]^^^ 
^(W^iMatiCes;  Surprised  to  s^e  amtharge  'of,%^,  !ffMfifffll 
"f&k&j'fttm^k  cjefar  isky/at  times  i^heii  tW'a^rdttf  Wfe  Iift5te 

\'isiiiimo  fcji  .i;ii..  c;     •••'.,  v. -s: a:  u:\fj  .Hi.^iJuo  io<}oiq  jaail^xi 

eii  ^i%J 

Ilawj 


-^te  not  given. 


Wfi^e^^ftP)^^  ^Ymd^iMB^  '^llIeifiitiB^  Aemmii(wm^ 

aMFIH«^cbin4i^^Pfttfl^,  fii:etJtfrbft(l4p^be6eic|>€^tfadiiiiiMftf> 

tfla^scS4Attttts^#4*^i4)efidigjAiticd^tr-,..|...q  ....aM  • 'w.n'n 

As  eai:ly  a^  1820,  (April  3,)  my  interest  in  the.attkj^tAiftl 

'.tV^c^n^fctnF^t^n'w^  ismm&oandiappainitl^Dudayri^as 

.%xiAi^'hy^^U^imi}^^hiie^yik^iax»^         of  ^vm^y  wbk^jnb 

k^^  '^  t)ie  'b^iiiAi^  ^\[$faam»itiri'4aiait  hk  the  •  ^tepUky ,of;^il» 
Sii^i  Wtoii^/d'tb^'Z^^ftitbi  ifr^tJMr  distifitclness  {of  it^?  to^resub 
ft^^I^a^Ji^itj  iji  tlie  retfsillblinbeiif  thi»)teflctiurertO'tibMi^ 
%^t$e<^  tl^(M^'  and  in  ^oth^pt^dufvradkiraes^Bdttnts  to  ha^e&oi^if 
. dtgSItt  fit^(arch  in  wi  dei«l^e(4*8gfip^  .•.  .:  .     ..•;<• -Brii 

'^^  ^bjifeqfaieiitly,  an  ibtt^f^^itigr'^UHBl e£rk]Ujec^n€f  f^lmoff 
^jiiAtA^  nephrological  cUa#Q^t»rjnbiiti3  Atalioiintf^^iite 
^^<3feh  il^^  mMhh6te6l&i  (al^l^xMsdiiiBxy  blondsr^  h^i  9999^m^ 
^f^ih-p<fl8riised,'^lm€^  ciiti^^far  (ito^iietio  ^laiimnltjddii^ 
li^lin^a^biM/ili^liefi^  of'  gi^tfli^sxl^ist^aadj  ]«lt>tfaeit>iBe8{^ti 
:^piripai)l^(aihi^hm^ty^^  ttk  mail 

^iWWVIiSiifP^^  1%6^)tfan'ka!dliy&BiFe-beal'a0cidtoftd  ly^n 
tei$Mj^i>  ^IB6 V%&v%f had  iia>  iKpnsrliiibtdv^^faik  iwiilioKii^i 

rays,  l;ke  streamers.    Whence  the  polarity  of  these  clcmddi} 


t1^i^Hof'^^lbtind€d  th^m,  buldiasishiHVfttiiitt  due  fi)tm§t 
■^|TOf  fr^m'^ttie  4a^eV^k  ihe  absfenoe  wfjkhe^i^  ,^^''^^^'^^"^^^8 
^^'^Ml%j^4  (kkib^ydfi^  dot  re«tyi6ted  iloipq8il|(9»aJ^Jt^9t«te««ril 
*38tM^1^the<!fonoomitiMt  phenxHneii&7'i  jI  Joifte^a^ 

"fi^iirvie^l^,  tiiat  tji)«  th0rmoiisei^>iifiiMiHy(ibc^tt&)(IA)iftt 

Sii'aH^  Biiii^ojtfret^fO'rl^  >sevieraldbya8bdsiiteyeiiel^  Mdim^ 
^^6)iKl!d  d^iic^di^^thijft  om;  tt(n^>)bBldirtB<d^s  aft^ A#ifti 
'^^^^  clii^sf^^ye^ntl^  piMented^  mivlBcfetMi  oanditt^^ 
^ufy^t¥^iir«h^cli^t«^a»d'sto  l^hcbiitbaieMjmoM^ 
^)i^^  Wffl/*^nd  liiralitbeltnip^lias  heea  ^  Wf  >  jibij^rl^ 
iTOufe,3ffiW'^  trier^iid  ^'caijoaa^eHcfeptiou  iflL'>*fc8iifase.^f  Jgi% 
^ftiiWi^M  e<^6W)^hr^'0(!)tfsdcUtiiwiiighte>.miTd^ 
8i5  eJflenisTDab  aiij  lo  J.:ilJ  oj  gi^w  ^o:>in.csio  to  feiiOfaoioni  i»/li 

*  See  appendix  to  Franklin's  Journey  to  the  Polar  Seas. 


i^imyT^mrnmH  ^stiatelji(jlad0(iQe»4^M9  def^^lilli,.. 

circumstances  preparatobyrulpj.'brf) A(rtflli^t«i9^  ^l^^iej^s^f 
«hStoW(W.if[:  /.:  i  'w  t.ir  7ur  (.8  liiciA)   Ol'Hf  ^k  /it.--)  «/ 

#igte,  ^B&M*  TefeHffilpm  iam^^l^fii^^phmy^^^ 

jHHl«(kftJdr.an^atu&karal;  tii^idflxld9tf«i^n>^dQi^t3J^^MHW.^^ 

the  succeeding  night,  thaiigbsQ0l»(»i^j8S  mastwi  \>^th^2f^i^^ 
Tk^ifoliowiii^iaiifriiiis  hidl&f  rfin^p^pibM^aj  yiz«  Xf . the .«^?;P4ng 
df^ti^daifialtetlcta  alndr^iimletoUy  qWr^oK)  «t|CU(m¥^l^^ 
fii^  g«»jiB*dAyv|) iRdd ^pooiibosdgrvif  )«iiE^>«tQ]iP9h^  to^^ljf^,/^^^ 
•♦feiiMigiiflrotciUlly  onmp^iA^mi^  l^kmgmmFmmm^h 

hM»9  inr  manjri^eBTSdeftspUiM^'iWv^^ 

iiIror4iisjiitt^t3liww:cte|s?ot,jBBi^ri^       »%  jf^gfir^ 

moMmgk^  in^lfafs^4hcfe/isii^(i^  tiwrflipi^M^jQ^ai^^ 

nigto  i^it^^>nietQQffi^-^i^  /tba  ^xfi^pt^iff  sofl^^^  ^^  ^^, 

ti)mMedt'idond8^4^0ii«V!&p!rQgf  o£^tb#v^^<^Sf  qi^il^gi^^^^, 

olp^*iciFi»umt«adBav«Uiok{ttefi9^ 

fb^^eflblotioa  dr  disiipfM»saiu3€^<tf ,lli^fa^«i91i^        S¥i<^H^ 

Y^^aHiteewiWaB  asildf^aq^iiforigMesftlv^'i^^ 

appt(^$mi(i6  «f  lthd«tenai^  >cifi  wbit}h^1the(^^|•^)fia))q!9I^^^^ 

fMaitia^  ^fifJiein«ditans>(lQiir.tbirt^^^^ 

Schenectady,  ]^i^B^i^betweeIl'04{t;.  5y  ia30s,fk»4  ^^ami^m^ 

llw%fll»kig)  I)eiB^>^ep9]ed  fim  ibese  a)oQ%a^tI»^^  ^f  fi^FP^s 

i^iMmfB(^ida9(UMmtaAt^'9  A.-ftI,'^dt9rff..M/^ivjftftS^ 
iJ^gyiint^  ia^esbei^nrricltofnefSdt ;  )l9at^4^jliQ^mf^  ^< 

^y  mrthii^skinmg^f  ,m)i^^^ 

the  increments  of  clearness  was  to  that  of  the  decrements  as 

:     J."/i  ofb  at  Y  )inifol  h'luIAuh-}'^!  oi  xihaaqqB  998  * 


above.  Withm  the  two  days  precedinf  i?4^f#^jfffff§^  9mfi9n 
Bome  part  of  the  night  of  it^  we_gbseyve_ail  the  circttinstances 
pretarittoiry  td  an(^cbiyij^c|t^ ^ithoi[^i^st allizatioos  in  tlie  high 
regitas/ devek)piri|  lliepi^eivisl;  guirli  as  increasing  jatmos- 
phena  pressufe/:iVct^u|e  |ol  iold,^i^di<tikftidiaa]^e«c|mce  of 
cloi^dsu  -On  the<)4ij^i'^n{d^<|ii|i9|.@3|e  day  or  two  succ^eeding 
it,  ^txi  develepied  afl  thbsab  ^%cliii]si$i|c}es  which  attend  fL  more 

ts;:7^hether 


i^^n.ot  ^sn^pheric 


rt( 


pres^Ut^  an4  cleiirnefis/anid^sa^  leli^ption  of  the^jt^pi|erature 
and  dew  poiut.  The  iatt'pr^^ges,  ^jppg.j;j|ig^^e^.,tj<ae,  are 
mote  iapid  than  the  former/'ana^cncc  appear  more  giriking. 
;F9lf^^^0lB^  ^dl^^l^g  lt^f2^Jfei9liri^lWwg)tojM         the 

v/jWSyp^^S^^BW^®^*^  /?lef6fl«s4)!ribi|;l[jp«floifeed?ote«b  iwa  a 

ness.     liiis  instance  being  omitti^^il^ftiii^ldl^infildtidsl^e 

.•r^effl#B**cP^n§fe#»«Sl  *»-jrtg9^B^Aoiu»rflte*M&if  the 

8PJ*r9^«?8  ^4teiW«*m^sj^,:U3(t*jfc6t^ixoiewj4ntdb^ 

9  ;fle^pii]^,e5j^4i?^TOce  whbte^ieiaeiiilin 

^^(J}ir^#fl^  il$>lf^iag^e(iaighkiivitea^s 

wmlst  the  increments  hadreqaire4ffmt6^dft7ii«e£ioiu£owi 

;f)  o:il  to  o/io  gbtoi&B  8rdT 

lirer^tit  aurpras,  is  called,  in  expressing  the  mean 


-:®*';»»ba*ii,'W'«-te*W(i«S3^awi&*^fti«^<wfe"ifcriW»/  'S8 1 


9:iWatrteiiU«fcW5iBeWaih.'"'    '^'-■■•'^   fnar>i,.in   aiiTr     .Baert 

r[:3Hie  dfatoaMtteiflsOS  «i)d  the  lh6r»10^it«tlei^^AnrcHM%''%D 
-anramjiiaid!  ^  A&tn  iK^tii'of  tittle  ianbdutfCtr^ti^a'-'^d, 
;leMBsa|ii«D4l9^[tluc^efaimge^  <K>miiaefit:e>ttb6utifMi^€a^V^rB 
,8tlwifetn^y]ov&b«ili>fte^'bad  a>bbll^y*-Wh^  tjfl^^^o^ 
twoaurora8.in«fad«»SiWii>--  ■-,';«  i^ii  KJ>:L(:iDi;im  ailJ  laliriw 
This  affords  011$  of  the  ei^Iipst  and  surest  ptognpaiiga  of 
int)fig'gt&^;  (W*  Is'mWS-'*^ 'b^- rtH^'ail*  tM»n  K^ra?^fflibfle- 

x^^kt;^^^«^i6.;c^;^«.^j^»^^^^ 

.Wp^W^.«^  '    "     '"■'"■'■  ■     ■" 

aaa  crept  uiio  the  tat 


are  here  correctaiemai^sb  srlj  lol  bna 


$9^  Dt:'iaiMi^«h^tAeyalmigpiittrie\orii^-^ ik0^tlMrai\  I 


itii  agi^ava'eiWt'm.'regar3  to^Uiis,'  yef 
eviyedli'  certala  'tQocG^ii&tib^-  of  "his  xiile,'  'thai 
ris'e!^  tJeibte  a.^tCFThi.';  /dnd  perliaps"  he  ,may  [Ije 

._.._., le  ciTo:^'an|d'pro'^'^"tb  be ^ihe  original  dUcovejrer^ 

''  TTi'atlKe  chaiiges  of  pi'esSuteJftp3\'te'mp^rtture'iwA 
before  the  aurora,  iawordswiti  ra^  fttbyfe'tnedry.  They  /ire' 
ipXta'ifigaTAed  aa  amohg  (]i^  bau^es'rather'tbaii  the  etf^cts  of 
tjia  aufofti.'  ; "Yel  that  tlieycoiitfiiueh'tfttle  beyond  the  timel 
ef'itl'T Have  long  since  observecL'^iid^xAresiieait  by  theriit^, 
t^'aC  the  bkroineter  is  ustially^'miO^^  afid  tii?  ^rmometer' 
falling,  on  the  evening  of  an&lirbra.'      j^,'   '/.:.'  '■".•' 

'  Within  a  few  years,  an  intirfestin  j^<|tlffitin4ti6i4  of  the  alx^ye 
theoi^,  8oT(tr,  at  least,  as  to'  fhcfect  of '  Vc'^niieifi'oti  beVeejij 
atJmospli'eric  vapor  and  indgfieti9tii^'.  Mi|'tiS^b  ';^reseht^"iQ| 
iSj.Qt.'difi^'rent  tir^ea^'.'^^k  Deciitiai'deep  Uue, 
,  ,cl6tfd,  Testing  on  ihtJ'noriiShila  ihenorthV  inj 
'itt-a!titi4~o!  |rav{t!^'bei{lgeSc'^ctTy,  atMrkm 
ilMagri^ti<i'lrteridi*il'. '' 'WTi^n^^jf't^'cfimawM 
^fe  bo|or(,i*S'toecliOn  *fta  tilteii  W  tbe  Wm^ 
',  any  lyais'  ttota  preconceived"  toeo^^a'tidinf 
:h&ceii'tVe'<jfjrravity*a^  sheeted, "  prevjoM  'io 

—^ „.   „.'e"ne6fllff.  ^    Th4  vai'iaticHl  from  the  rnerf^jU^ 

^ey-Gkbei-Aii'  i"fraclSHn'  itf 'a '  degree ;  th'e  obiVel^a^neiS' 
IB  dirpcdon  being-  more  «x»ct  than  thJA  of  tK^  b&Biiioa.'t^ 
tnh^V'itSkriWS  pTciiiasl^'  JJi*  the  writel'  ■beftii'  tnfltf^WLby. 
J6?^'&rMi&^,  Wei iii^lit  hdvfe VfeheiJ  tb«(  lMt»r'attd%of*'>^^^ 
^li^U  Wiifiotftfedtitd  be  the  motfc  reglfleo^ erf tii^ ItWii"  "Hf 
iihuiS liivAe'tb^  ^(intioa  of  more  ndrdhem'  dbBetVJeri^io  iflifif 

jW-'^p^tW^ep^oduce  it.  To  thc»e  less  fitvc^lf  rftiifet^  M 
mar  afpear  to  have  drawn  il^on  hi^  irnkgiikU^d':  "Xii^'.ima 
fliio'sfa&ee-'perittrt,  Tj^ might  give  nore'p&f ticuld^,^. ' ' ■  "He  nope* 
ocfc'ikioo^liy  foVesaihe  this  and  ktnf&M  8ilh|ectS,  Sc^^fAlTiSJ 
bispfeseiit  resit^nce  iff  ^' latitude  less  lavofed^yauroHil.' ex- 
hlbliidas; '  ftnti  bis  more  exdusive  devotion  to  t>f ofe^itiMT 


yd  L-JVi3K([o  cnaiuorroiti) 'Jiil 


me  labje^  of  cfif;  liWefaictib  ,^ 

KMce  6f  36  atinospt'eres.'ftl 'S  ^ 

sfate.     tlis  jngenicji^^ba,'B  ; 

<3|ctea  in  glass  &bep,i>tjd'|  : 

..  lUr.  Itrunel,^  iq  piuta^Mii^rft  enaeavpui  to  apply  cpmpresa&il 
gases  to  mecnauify'iiuftKjses.'prpiiuceda^in^  «F 

ugJAia  G^rboniv  aci4f^WUt^f  i^y^9  ^t  high  tetnpe^furas,' oe, 
cfOafined  in  fi's^riej^ffr^spiaH-lffMB  tubes  not  aboyfe  tte,  A,*^ 
aii'iiidh  in  trie  ttiickneW b't  m^jr^walle.  ^[  ,     ,.  - 

ifqul  t^he  appearance  jrt"PgceiflLb'e^^  1^5,  ofarepb^-t  on,  ibp 
hgue^ction  of  carponio  aciJ  bu^  a  comparatively  large'  scale. 
jk  Uie  last  ri^ip,i>M^rajh'Bj/year",of  the  \^nwa% 
^ii    H jl'^^^^S^iff  ^Sfirra'lOT*^'''  described ^'tJie  propar|i(^',pt| 
lR|iifa,  carbonic,  a^i^m^aelap.'  Ace  ^ 

jiraviW'is  at  the.  same  temperatari 

Uiml^i-p.bopf ;;  It  ■js-th'erefo^  * 

18  as' mu^  as  it^  own  pr'ahy  fith 

"""'"'       '  ^:'^;fo^''^ifeje:  ; 

:yifoqn(i  ajso  thaj  ^tje, 

1^  .^Oaoioynt^i  ,66  ,to,7! 

ij^pspb^as.  '  The  4enait) 

riQiiiO'  at'  $6°,  is  stated  at 

t  86" .not. 
?  would  indicate.    .       ,     ■ 
«£«5«''.i:f  H'".M^,!VM-.v*''Vnic  acid  is,  on' 
y^misciple.iifilfi  .lifter. and  the  fat  oifs, but  is.i 
t^  fitper,'  ^c9hot,  jiaphth^,  oil  of  turpentme^.a! 


•  From  the  Journal  of  the  Franklin  Insfitule,  fbrNorember,  1 838; 

+  Philos.  Trans.  Lond. 

J  Quart.  Jour.  to!.  XU. 

4  Among  ^e  most  remarkable  of  the  phenomena  observed  by 
TlUllorier  was  the  intense  cold  produced  D;  the  sudden  UheretMo 
of  the  tiquid  and  its  converdon  into  gas.    A  jet  <jf  it  depmsed  tiie 


584    Dr.  Mitchell^  on  the  solidification  ofharoonic  acta, 
at  its  formation^  not  below^prr^Q^^fj^^cf^  5F^I$f  fP'^fij^' 


dilqtMyva$^er;il»  pr^iM*^>  tti%,i^J?gff^  shpjj?  J^pgi j^^  ^g  grow 

iA  t  eta  ber;deprtesed  ^terHHPVififfilfofeM^f.^Pi^fl^'^  ®%Mfl|3 

r ;-:  •  'At  tht >imiriefli«itely  W^WSR^tl  fi^ t^g(9ft  thf?  4cf^?Piy  of 
tj8<ti^cftbVTlliU6tiefr  .aunom:^^  tl^  jfxmp^n^  lact  tW  l^f; 
'SoUdififtdt  catbonu}  lu^id.. ;  >t';fetf  .^  ^^<;(^  Kv  suiOferi^  j 


«i  TOieyaporiti(m»il^^Qrj9^|nBJetetja*;tq 


j  i^'Tlw  teBi^]ra^ore)at^ti4k^  ,tbe  saljai^fj^tij:^  jt9Q^p^^^^ 
^tmraqiedr  to  che,iib^tr4-r)i,4^:jF,;  pljihipHgliij;^^^^^ 
before  the  committ««)t)fetJw^4c^^J»yH?h^>^^ 

^0^1  abydboariDu£di>6O90fyi  r^l^rleg  m^^j^,*^?^^^^^  ^ 

«*ft^[ftrtfflete»omaBBft/n  ; :  and  W^fenJ^e^i^i^ 

o<adi4b^^heia»iHrfwrtide«eriptiou.^^  ^F)f  MI^^ 

Having  repeated  the  experiments  of  Thillorierj  f^pgmiitt 

.^^fel)*yvth€^HSi^esti0n^.QfT.wJn)tfi}h^n^,M^ 

9didoth»odrt8ittadice»fdyftiwl|Jlb^        W^^eflJ^^     ^"^l^fl 
««6Rr^^tf8W8tbr  th^t»^(«tP^^ti§5  |^T;ti^ 


9 


lore  marked  both  on  mercury  and  the  sensations. 


t)r.  Mitchell,  on  th^  niidiflcatuin  of  carbonic  acid.    5S5 
ralso.of  castiroji.  connected  to  the  generator  by  a  brass 


•iai'JScH.  ''^W'^;be^i$^f^loolHtif%aQri]fed>«oidie»        v&tiie 
^lihbulder  of  tM'ici^'^P^o^ereQff^riK^  ^i^abeMl  a^the 


1^e'bfk8^'tiitie<ftyiVlf%^  tMt^ii^hltorimdjiMaqiwBlis  fliv^-. 


.may  be  closed  or  opened  at  pleasure  by  a  stop-cock.  .4^^ 
%'^WeS'W  ff^M&^f>4f a^'/  ^«ite1pa««£an)itliB)^ji«ewi»  is 

.be  retained.     The  stop-cod^  itr  ^eQmtabia.inA(faDmiBvlAamafy> 

W  rgM"ilt^ '^«JistiiPg;^4i  fh^re£S»«f 9i»*brtnr9Stai^ed^is 

indispeiisable.     It  is  ma^e' t6  <5ldsQid(iitod)  ^lakaijtbf  OBWtfi 

—  9JbI7j  Jc>ai,gmJftii§)^^ilgf4^!te<iSet««w;A  «*«)ut- 

^,^^W,^^MM0  a  rigfttfa«|^«o»t;ijQpodiaoehd«  ItQofts 
^'^t'io<eot(tlim  betiom  c^thef cdi^itsponti^HiaieMop^ateJc 

'm'i^'^i£^l#'^o;>I%^''J.  L  is:  «<i^ssxttAtt«oM«^bsir»t 
W^l^M^d'Ssgl^kwVhisB,  irhiofa.(wii»iiiii|katei(ji^aii% 
Jnteripr/>f  F..   ,It,is  the  gauge  for  obsesviiikitliie  ^sUlolbAbe 

Ae 


....'Bt;''  The'  fiMTdtef  Ae^c^nds'tdai^luteihd^eMcMfjo^Abe 

[;'^iat''is^eai9^'^ll«d  ^iti^-iMtttiaryul)  llitaiugbd^iasp 
of  the  screv,  X,  a  smadl'tttbi  tiais^estiaildotliasaaat^iflf  Saf^ 

'7iJ»^mMe%ak^(»^^i<6  £  R4&diMQcuB  fiAmooMMniMo 


Bin 


.RiioiJiwnsB  idi  hn;.  rnmow  no  riiod  tsjlis 


m  9-iorf 


58ft    r^t:^i^)Al^y)^tf(&^t»ii^^ 

'  •  'The^ till'  txip,  Oim^A'tmom^t^  ih^^oB*  feritf j  i^  bo^^ffl^t^ 

MmI  1  The  hanritel>Q('i8te»]toW,i^d9  iaSf^tU^  ^9  t^  ffig 
pipi  of  the  receiver  «^  GcirfFo^^^^lreifte^l^ifii  ^'f  tWbp^fk&^ 
froBcif'tte  cold'  ttrA*Stt««l:*liy>tt«i^xf«f^}y|^^^^^ 
darefiilJywwi^p^'tip  ill  d<«n©'M»d^^^  J  .<  ;.   .■   lonoa 

<'Tttti'apparttute'lb  prepart*fo^J\l^>%%feifi8*5b^  the  b^§^ 
Bv  ttnd'<I^fiioiiig']f  tbs;  of'h^ilbbdf^  the  gefi^rsJboi^l 

a;  t6*w4iieh  24  fluid  iottnees^'\4^df^£i¥^  l^^4>e  aUd^.     Aft^ 

<rf  eoirimtta  sulphuric  ada  are  to*  fee  ^^i?t^  idid  %he  eo^dfir 
cup,  N,  imd  that  is^'lo  b«  let^d«wfi  by%fetft*?©fllrfreiitol9H&* 
gew«fwtar.  :  Aftefthe  scStt^W/^  B,  toii^b*^^ fiRftily  ilij^^d,^  ^A 
dve^ftkm'UOOek,  J,  cfo^^/lhb'OOrttiriejfbf  thfe-^fit*iat6^aS^'^ 
b<»<  broiight  into  fultx^iltltt-^'  by  iii<)»^g  ^  i«^li«^  &^^  k  Ibt^k^df^ 
pbiiWti6fi^«>i»thd>swiimIi'>D;'  wAi^^  is^^hp^^d' b^fhii^ri^^fiS? 
ftrfihegey*9.'i^Fb^f6  ft'x34i««^  bd*  at  €;H/Ilb{s2.m(^ldii  mm 
rp^^^fmv^rhlffhtiies^Min  aboat  10  m{ttUt^i^«he%U«tekJP^ 
cavboii|cft«Mi«UlM^tedjatfd«fti8tfa$]|  Aj(5hfe%%iig|fi^iiidfdteftR^ 

stirrup  and  screw,  K,  K,  the  receiver,  F,  premotisly  cookd^hf 
ieei  4Uie"toiw,qI<*ki«4  <*,'i«ialy  'thefl  Wdpeijed-'sltj^^^riSid 
instahtiy  tb«1i€tttidi|[^boi»k  add  i's  p^r<)i6^1l^{n^e^v^^ 
lit './At  t^d'eril 'of- t^ilni totes  the'conimuirifea^t^i«Slh^^^ 

g<5ii«ri«of  rmayf  b^I  clit'^-^i-^hfett^  about  ^iarht'tidd'^bftite*  ^ 

liqbid/»tt«id  ^m'^'^t^^^yirm  he  fdund-in  th*^ifet5eft»^/to  noh&ha-j 

u(Qy^lmm^thi^^(pM'iAto  the  box,  O; >tterougK «He;$l^fl88^ 
a'U^<p^tt/p{^ii>i«iif\dtiiAtiy  expanded  into  g:«^;4h^^«i^%if6§' 
thrdittgb*heWtt^yi^^  ^he  eoldtiess  cotiMiq^iit>6ithteftifi««^ii^^ 
ei:]^Hm<M  'fe^dedatk^^their  part  of  the  li(}»id;i1^i^fi^liiGioPffi9i 
tottohi^lrf'KDl  •  Ab<6ttr  one  drachtt^  t$f>Jiio*idI  li^tt^^^s  ttfew 
foriA^dlfoni^chwiice' of  liquid.         •:   ^^    iA)[  ~  oi  llA  biuixim 

^i^fOtmi^  llttd'vt^la<a/character<df  tfeHetfe^ld^tefiaigftl'  fti^ 
spedft«'>gf«s>iiy  'bf^ difficult  Asbettai|it»N»iti  ^"Wl^n;  r*ifaitlf* 

/  I  :.[-— oJ  lUh 

sQMndt.'tojp^ak^rtnibUM  in,  the-  mixtuk^i'   /TJris)  QenilM7»^iptt7 
•trong,  .feiwii*l^,[iriiApyV5mat4Jjw'itt1*ip  ^^^o^^cAh^^^^ 
to  have  caplUary  tubies  in  it  from  the  vaporieation  of  the  tuipentinei 
This  dfefpct^majr  be  coropletely  .corrected  bf  cutting  Away,,^  yl^ljn 
cold,  the  external  mass  of  cement,  and  putting  on  a  htlle  coinijiion^. 
cap  cement  which  melt&  at  a  mach  lower'  temperature  iEuid "closes  * 
the  tubes. 


S^  ^nui^e  at  fii$|tx)b«fedi^,]»(^l^«ie|$>4i^^polt^m^  3  Wffti 

f|j9li4  UVn^osj:  tea^ljf  l^fi^z^l^^  c^I^f^fl^ i§ndiT9Ue4) uf^m 
cotton  or  wool     It(fi(t|^^e|ii^\#^f(wba«ir  ifOAtfy.i^iwe^iiid  nob 

^9t4he  gr9atQstldagi?e^^,QfiQg}d>i5a«^c]!eat«d.Atl^ 
tpj:i^9,ti(m  of  the  3olid4  ilb^ie^p^dments  a  cpQstcimfifltciiebaeii 
Q^rt^^peitttttfa.^Wt,pbfi^Q4^']^^  wfts.aocelewited  by  fe» 
cui^e^a^  df  w^iOr>ftM»yjothpt  Bwatjstof  aagweatiog  evftpoJAtiqifa, 
-^  Jitl|^^J:;^n?,ti(fflE,l^tbfe^rit^Wl  ^mm^^temmsf  theitfciwwio*' 
y5^B^  tp,4twftliT-§5)  .'.(Il.ititeieen&ied  •k>.^teool  oAsm^tiMjm^ 

th^f4aK>H<i'  o^irhiH^t?  Mid ;  io^th^  ai^  wiM^lQSf^^ikd«ff  ouio^si^ 

p^trtiisi?/  t^€^ipi,:  fell* :  «>»d«r  ^sbftuali w>  j  itq  4J  lifil^^xtjr  dftgred 
<^  Qftl4ipJiifihi|ireriiWP0  wot:  »ble> toeiCQjBfdolgri^ftftntnof'riiiijti 
variation  of  tb^  eii|teafif|iwti  Tbatj  ue^Wtlf »ts  fito*  eftailjbi^Ki 
ti4)^^}?{^oI[¥4fipg:  lekbQilt  Wo  fluid  dm^h^l  ef{U^9iimto^&ie 
iw^^m^mnh^^  «b«rgWg  it.  A  compftUadi^uWscjn^hfeB 
t|«ifi(ftOT^ivJbid>.  yipwi  a  suQW.in  kas  qy^t^tll^/^ibwlpofiiiij 
i]g^Q^^^#^  i?^ftig^i;4tiip.!  AJccAqI  may  ]fep&C9^>«tik^r  mmith^s 
i^^fy  abu*,  wiAb  lMflj^6|(^cl^d  effect.  In  the  /air  ,lbe  lalc^^fof 
mixture  fell  to — 106°  and  remained  stationwryfi  ^/i^ycMbwing^l 
t|^  b?ic*«t.^ri4tftit,fM11tQ?-U0°.  Left  toiliwlf  fft.P09e(fte1<fy 
t^thr4^°  ;-bf  V^n  bw«'p4«««d  lander  .(»tt)^dia«it»d4:e^b©q<^ 
fell  to —134°. 

yfiresy  Mtemptf  to-wet  the  earbonio  Bolldiiritii^'iw«t«i*^ifidl«dp 
8^^ktik)i«stimate of  itil relative  eifectsebtfldfbi^^ftiaj^. /;^iio";^ 

''¥'Afi-~^V46.^n  =  m,  the  cold  is  nearW  ^'iLm^'Mfci^'^ 


58S    Dr.  MitcbeU^  on  the  ioHdiJlcaiion  ^  earbome  apd. 
The  ezperimenis  resuItiBg  from  the  great  ^libeas  of  ike 

as  it  is  abottt<«<^»sk,'itlNMltt(fS  j^ 
lunUr  tbe  pm»^  i«»k]Mw<'^Fl] 
dimiiipmiciaa  ^  wfA<m*'hi^'4t 
siedks  zaadily  mtiqvud  luet'i^^v 
f  M  abeat  h^  1 10"!  «li<jirid  ^^^p/iwM^^ 

suMbia  viacidibdojly  app6iikti^/«r&^%f  HA^ds^bf  cdM; 

isaiigniftatedf|iitiiat--i4«^iriA^f/«^  Afeohol  6f  ^ 

SaO'ftiHiereadify.  \.u\.')d'{^inw..r..^^^^,  •-,       .,,..,^ 

altered.  ..i.^.vjqzo  ^.v.rj. .  .  r,^  ..,^,y-!. 

WheaapMN^of f'8(^d'Cail>6ttlef  iaid^'^]!{^^^  ateitti^^a 

living  rMiimal-surfiM^e,  ildrives^^ff^W^iRuliiHiig^^tud^  a^' 
pa?()4ade94i  f^^w^3P  White  Hi^l^.'Utieldfbi'  l^^^«0bn^tt>'tiiy)i^'* 
a  blister,  and  if  the  applicatiodai  'b^fc^^tftinu^- for  2-mililit^  'a 
deep  white  depresnonf^th-tocflevated  mifei^n  is  perceived; 
the  part  is  killed,  and  a  slough  is  in.  time  the  consequence.  1 
have  thus  produced  boUi  blisters  and  sloughls^  by  means  nearly 
as  prompt  as  fire,  but  mut^h  less  alarming  ta  my  patients. 

/'jftevpeaKfttt  gtAMfty^f  liquid  carbonic  w^Mfmiffy^^^ivtill^ 
ekfa^r  ^by/:  i«sBJgiiiifg^  a-^'givto  measuf«  (tf'i^  dii>«  Cttlbe^>'<ifdf^ 
ded»cti&githi^iwei|^lM»f it^  to^  <tb6im|^r«iiibiMb(iiii'' 

gas,  or  foyrmeooi^olitei^^limifrtebttlb^of  glfiBs:>aA  sti^^fed' 
hfiiig.  Mi* WtaaaioBfi  ^B^^the  latter  meanis  ilMoblaMct^^"' 
foUoaaB^roRdts,  :ilhi^are  compared  with  tfaosiil>&li^ill||i$#{^ 

/S€mjL.B9ia.       Sp.  Gr.         Temp.  Ftahifhf  ^  %t*Oi»^w| 

-aas:-:..:         j93  -sb^  .-..'?  ofC«}>»''^J*^ 

4a?.5t    '       .     .8825  \  'ir^nifiiisdl 

^l?v  .863.  ^         ''         ifdq^iutn 

.^  HhAcsofBti^  gravity  particulm-ly  at '  33^,  wrf0  ^  edulAillldN 
repeatedly,  aad  with  diifertent  bulbs,  and  al#ay«  l()MSildhO#^ 
alyxnr.igsTf^aiB^  tD..d3:  I3mdi&i«»icetieviefria^^ 
.006.   /L^ejri^^  w  giirefL  by  Th^  «Ni8^'>  'j    ' 

awmrwhwis  ini|>mwoii  of  theh^uidasindfeeiM^^d^)^^^^^ 
o£':x»Dpe0bb«te'  is  J  tKuly .  sitffUising;    ^By  'M»^  ^^  V8llB9^<j^t#'^ 
EidsedJ&omuS^^  toii.74' ,  or  4S%  becbi^  <9l$.^|)«trt*','  Si^ti'^<^^ 


ttr.  Mitchell^  onihe  solidification  of  carbonic  acid,     589 

like  <iifcuIps^^<?^^  ibi^je^iftgjMJiMi  9iSaM*  #flP  »!»**.;  «»tlie? 

we  may  infer  that  under  the  we^g|Jfi(j^i<e£ja'feW'atni(^ 
w^a  near  tQ^^^t^Uprgp^fiiftBf^^  keidi««d»rfcMy 

more  dilaiaMe  \ JSy^^^fya^^^ljia^  ffiEkf^f^  BetWam  ?m^4?  {ahdaH^jf 
32%  its  ^xpajiisio^ai^l^^jgrl]^^!^^^  akis  OlOBOxv  <T4ie80B 
fBif^  surest  the,a^%isi»  fiw  J^  ij^ater  U  i^firy  f^AfgA^'tow-^ 
perature  and  pressure  m^y  be  obedient  to  the^BaineexpaxiBif^' 

boiler^  sometimes  cause  explosions. 

.i5l|^«,  pr«ssn];e  q^j^bfflys  ^^igas/.ldbeihD  pbMqdsoiret  Its 
li^^,  i^  givep!.byr^^]^!m^  ?3' 

I    .tv^ '  •    .  46f  '^„ .,:-  c45-  H^,doi>  .n'lmv.  Mli/I  ai  itixr  "Hii 

^hi-jii'.  •'   .     J  V   flSt^j-  ;;    .  60     .i'<lq.Hjoi!'}yj«hotq  8UrtJ  f/vBfl 

b?SKtiF»Mi)pki4tfit])9t  gaiq^e  i^deraii^te^^iUf^iiimgp^^ 

nighty mA  h)s%rxBkai^'  VBL  Uier..^^«^{ljtrdbaiM»tr«teMh'« 

atwj^liei^i!'ilirther«0Qitodrtub6i3  eq^ivft)ey||tl1»'  edbeMp,iflbw>^i 
severtui  time9cit9<toi^h.  The  first  determines  the  amoont  of 
prei9M>a^  whiobidi^iMrcixry  reacb«)  th^initirik<;^i|a»llie 
2dyap4;Hhe  2d^  subsequently^  eithibit«  ^e  multiplicatfts  of 
that  initial  quantity.  Thus^  if  when  t^  mercury  is.  il^fiTe 
atmospheres  in  M,  it  is  at  the  unit  mftrk  in  R^  the  vtide  of 
that  unit  will  be  five^  and  the  numbfl^  teptesentative  liif  the 
pit«S8«u0|liii  R,  must  ba^inultiplied  by  five ;  or  R  is  eijiill  in 
ef||fllrl^'i^«t«b»  of  fa(^  tiiiaetitB  leitrgtib.  iBytlies^^-BiMMniry 
sllg^lnidwi  .|n»y  hei  used  to  d^termskie  V4)^  hi^  .ftbadUMK 
Iif(]ii(llliM^  irregularities  in  tbert^oCTsnvfcpsn^ 

<^bl9  canse%  i&lty  faiqr^he  oapaeiitjr o£  tiie  aflM:]i«k'^3?/Vy^ MOl' 
ap^M  alirajjr^filigwfies'tiie  «nil  to  R«  in  leadtimMVy-jnmiRMc 
cufii  ^isQ^ffcin  tjbi^fle  eltisefit^  TheM  iim^ty<rf«pgtt<»ByJbi3wawapfat> 
r^jy^nfoF  tb^  weight  9£:tba<tne£6ttnal  (hfloom  i^fipnolEiidiiaK 
to  be  added  to  tKe  product.     Care  must  be  taken  to  keep  the 
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<  590    Dr.  MitcheU,  ^M  7^0  sm(t^)^i^^f  carbonic  acid. 
'jCkn^r)i«^^i^f>§K€f>feiir^H«4iibKtI^I^       fi^^^l^^t  of 

made.  *'•  ^1^«' 

n/;Wfieii  a  glaos  tube,  ii^fib^stefff  4i^iUM  'Ittrone  ^^'-^and 
'«!^me»ted  into  a  brass  i90^kk<^inl$4b^i^4«ti  Hie  t^b^.^^s 
a^aeked  to  a  ^barged  recMv«Hu^4ibil^Byi^w  et  pdi^^^id 
>]^,  li^id  carbonic  acid  miif  b^99flfe«t^  ti^.^'I^ia  li^Sfiy 
colourless  Bud  trim^i^dreMi^&d'^i^eilii^iS^lkmyb^ 
^^ly  ihtrodttced;  are^^eb 'tb-iJdSM^^^iAS^  tslfie  1^- 
perature  is  altered.     W  hei6i^  m^'^^  W^mat^  -W'^md, 
4be  jiqi»d  becomes  vi^esily  agitated?  eeoapos  rapidly^  grows 
coldegspiJjcp}4#i?r  a»d|&»%/th^l«^5W»*fcr  if  jrt»!^rted  into 
a  solid,  more  dense  than  tbe  snqw  already  described,  but  nearly 
^it^; WdVi^J^^  plbroas.  ^  •  If  thW  tub^^  bfe^x^o^d  -^ttf  A  |a»^f 
<^rUoiil^  snd^^'i^^M'  ^ei^;  the  Ugi!tid  i]»'  sblidified  in!%»^a^ass 
wbicb  is  not  porous  but  which  sinks  in  the  fi^d^i^ttiwtter 
iH,iiHmii&>aliiiii^h^\t]sm^B^^     of  tbe  solid. 
):LT]^e.1iyciai^,^biroiil'iliqm^  carbonic  acid  and  water^  is 
thus  completed  for  we  have  liquid,  vapour^  snqii^  aondGce^  ex- 

($HP^4^<^^^^^^^'>^^'^>3^  aild>t]^JfiUia^t^Mr9rith 

iiUlpHA  QaflbmiQoaeid^.tike  aresnltbgipbmqmeinbrifaqfdbegaa^ 
Kmrnodirl  ^VMervbcdngbfiavierseitftbelqrwKthfnii^^ 
al)mdQfiirfKrt'i9ppe«t/to  mingle  urath  itNsvBmM.^Ate-iix^mHisDf 
iiOoMaoli  tfitmoijOL  tbe-latter  is  loShmjf^mo^lkLhkAeac^^pedr  an 
^ddMl^r^iaiiditialaroaeii  at  theiliQpiiitaaiiadlidicBvradxiiTfid 
,)qj'M^eiiJid^o|iQli  or  ether.  isniatEoavteii)  i^nsem  lifiid^HSs 
.j^broij^  ibJAii^ttKmily  liaihvteE  wpnUxtp^ibdtisooac^^ 
aAQtfb^ol!t]Rx^na»toei>''  TIub  \a»vu«rld:  elf  die  inresBmiteBaiiBekia 
lii(&6nkneSemtB9mcS4:  and  immpMkielj^  ttei^lefiiy  loeboBlcEs 
^  itli«r^oid  alcohol  j^ '^/^aenjahme' ^in!  i]^ 
itfoeiDted^oHVKhmRa^hQl  bolcb/^dll  leteiiL.  soiatioin;  tfadlacid 


causes  its  precipitatkmi'in  <  liigiit  ItavMiiiKdi  fll^oenli^ovdio^are 
immediately  rcr^MariTdd  when  the  acid  is  suffered  to  iiy  off. 
Nothing  reamiinaibUC  the  brown  lac-stained  liquid. 


■  A 


inch  in  length.  .o]>mii 

l^.fCaibpnic  aoj^,|>5ijgstia^(a^,j?e5¥prfol  as%,^,j:ift,^e*rap- 

^gjapjyiu;  Iflstijb^f  li^^HJPStf^;^  Wpanutlt^^  to  i|iyi«|tigj^te 

,a^i^C^»  lH:*ftH§a(fe>  lfeflP^Sffl<^ry,,,|  ^/        Jyy^.jiu,  >.   -U.hnt,q 

feiWOT^^  ,viijiqf.i  Djqjioafj  tb9ij5ii)QJ5  vltiioiuiv  Bamoaod  uuijiii  n 


x:*  .j^rDbma^rpna  .  I'-cu^- '  .;;.'  •  j1  i/isJ  .^w  lol  bsJsIqmoo  audi 

Being  a  constant  subscriber  to  your  excelkfaMd^SlblAslt/cbfid 
.riaimagii^fiotediBLi^^  miiliyMi^^ki^Sd  of 

Athmmui^^J^aJiiSLiT^i^Miof'  your  (rftey  d£teipik^ft»ff^8^i^. 
^limBgddkif Ghttlffiampi0?i»pie^  ia  appif aiu8£Dpxiifislfiii»  itxip«k-. 
Jd0piLgvt)faeinddavj)I^e(lB6triicdio&::tQil&dse^^^  lilb^lxaMtf^ 
^(ahiii[^^ifr8iii)e.lAei9ix»^  ii^  Myipim-bwnaElwi^ 

na-iba^t^y  *iuididIyoaBSi%Kdd  to  FtiAstuk^  Drarel^l  iiP<flMttOh 

earthenwttreitilbefls  oriBixeiipa^lonfied^  tdbec>dbgedtibnBt0L90|^lHchi&b^ 
'6\!0AiiyiifSfj[  WBsrv&if  Qfadylfardkcn^i  diffitete>tb»i][aiiJ»ifli»rie¥^ 
innilkiiBlony-Hidjifev^deb^  andj^  dstEBetl^flttiii  tigPfiidnt 
f:  of dBDaBstamenl  suMdb  d&anrke  ^aliL'  suqwteJinaiQf  o^hUtfiiis 
^<9bii8<ainingolbafebiryv:  - lAJHtiheBie iobgeiilkoo^avSv'miiteaftiby 
^sidblitliitdingihi^Q^jpa^r  foB.'C^ 

l)bdttet  imasPiAy  poinlL  II  givd^jroii  k>dfH|^«amiiS^op&sdifft'iit 
diBa^]iDb7ofiliiae<td  somoriof  )fbm  re8iders;B:liqi39iq  aii  89ejj£9 
."flo  vh  ui  l.Ti-t';i^  ^.i  |ir,js  Bf't  n^ii//  i'tTbnMiili-,91  Y^^ifi'b^^i'^i 

.:  boiubji-  .i,'  riwoj':!    .i^UniiB^idkDBi&ai/IioK 
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A,  Fig.  4,  Plate  XVI,  a  piece  of  wood  with  a  hole  cut  in 
it,  grooved  round  the  edge.  B,  a  piece  of  solid  wood  with 
groove.  The  dotted  lines  show  the  paper,  of  which  there 
are  irom  3  to  6  turns,  secured  top  and  bottom  with  twine,  or 
thin  copper  wire.  C,  amalgamated  zinc  plate  acted  on  in 
A  B  with  diluted  sulphuric  acid.  D,  copper  vessel  holding 
sulphate  of  copper  in  solution.  E,  colanaer  made  of  sheet 
copper,  bent  and  dropped  down  3  inches  into  D. 


Electro- Filtration  of   Water  through  porous  bodies. 

In  a  letter  from  R.  Were  Fox,  Esq.^  dated  Falmouth, 
March  23,  1839,  I  find  that  that  gentleman  has  obtained 
similar  electro-filtrations  of  water  to  those  described  at  page 
493  of  the  present  volume,  by  the  employment  of  single  vol- 
taic pairs  only.  Whilst  speaking  of  his  interesting  experiments 
with  copper  ore  and  zinc,  with  intervening  clay  partitions, 
he  observes,  "  In  these  experiments  most  of  the  water  in  the 
zinc  cell  is  transferred  through  the  clay,  to  the  copper  cell, 
and  if  the  supply  of  water  be  kept  up  in  the  former,  the  liquid 
in  the  latter  will  overflow  in  abundance.  This  effect  is,  per- 
haps, still  more  remarkable  when  a  portion  or  vessel  of  un- 
glazed  earthenware  is  used.  I  infer  from  these  experiments, 
that  the  electro-negative  ores  in  the  earth  may,  in  connexion 
with  more  electro-positive  metalliferous  bodies  at  greater 
depths,  determine  the  ascent  of  water  and  metalline  salts 
towards  the.  former,  and  the  descent  of  the  aqids  towards  the 
latter.  Iron  and  copper  pyrites,  the  protoxides  of  iron,  &c. 
&C.  are  electro*negative  with  respect  to  the  metals,  and  it  can 
be  proved  by  experiment  that  they  will  act  on  each  other  at 
great  distances  through  strata^  if  the  latter  be  wet ;  so  that 
the  geological  bearings  of  their  process,  and  its  influence  on 
the  circulation  of  water  under  the  surface,  may  be  very 
important." 


END  OF  THE  THIRD  VOLUME. 


W.  Anufttt,  Printer,  12,  Granechurch  Street,  London. 
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